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ABSTRACT 


The objective of this thesis has been the investi- 
gation of the influence of varisouvs design anc operational 
osrémeters on the magnituce and phase relationthip of pro- 
peller excited bossing forces, The investigation wes con- 
fined to the hycrodynamically induced forces normal to the 
boesing. 


A model bossing was installec upstreem of s four- 
bladed Troost prepeller in the test section of the MIT Marine 
Propeller Tunnel. The magnitudes of the forces were ceter- 
mined by Compserison of the response of the bossing system 
aS instrumentation readings with readings representing the 
apolicetion of known forces to the bossing. Phase reletiaon- 
Shins were obteined by combining anguler messurements com- 
puted from the instrumentation readings with clrect angular 
readings, taken by means of oroperly timed strobe lights. 


The mejor conclusions of this investigetion are: 


{1} The hydrodynamically induced vibratory force 
normal to the bossing is s function of propeller thrust, 
water velocity, clearance, and bessing length. 


(24) The generally acceoted law of similitude for 
scaling bossing forces is substantially in error for the 
forces measured in this investigation. 


(3) The phese angle relationshin between the 
measured force and the propeller blede is relatively in- 
sensitive to clearence, but vseries with oroneller rust 
énd bossing length. 


The mejor recommendations resulting from this 
thesis are: 
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(1) Investigate the existing law of similitude, 


(2) Verify the conclusion thet the magnitude 
of the force is 2 function of the water velocity, ane 


(3) Investigate the effect of veriable weke on 
the magnitude of the vibratory force and its phase angle. 


Thesis Supervisor: Frank M. Lewis 


Title: Professor of Marine Encineering 
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I. INTRODUCTION 


A. GENERAL, 

Theoretically for eny system to vibrate at other 
than its natural frecvency a criving force constitutes 
e necessery concition. The resultant vibretion ie a 
function of the frecvency anc magnitude of the driving 
or exciting force. Any seriocic force acting externelly 
or internally on the system may constitute the excitation. 
Considering a ship unéerway as the system the postible 
sources of excitation are numerous. The magnitude of a 
majority of these driving forces are such, or can be mece 
such, thet they ere negligible. The rotating propeller 
constitutes a source of excitation which is of substantial 
magnitude, In gesred-turbine and electric drive vessels 
this form of excitation is predominant and in many cases 
the sole source of vibration from a practical standpoint. 

Propeller excited vibrations may be subdivided into 
two distinct groves: (1) those of once per revolution 
frequency which result from propeller unbslance end (<) 
those of blade frequency. (Bliece frequency equals the 
number of prooeller blades times the shaft speed.) Ob- 


servetions and previous investigations have shown that 
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the excitation frequency of shio hull vibretions is thet 
of blade frecuency. Further reference ts propeller ex- 
cited vibrations will be to excitation of blade f recuency 
unless specified otherwise, 

The propeller ferces exciting hull vibrations are 
caused by hydrodynamic forces acting on the propeller 
dlone and/or by the interection of the hycrodynemic forces 
acting on the propeller, hull, and appendages. In general, 
it hes heen established that the excitation forces of blade 
frequency are transmitted to the vessel by means of: (1) 
shaft bearing and (2) hydrodynamically generated pressure 
fluctuations acting cirectly on the hull or its éppendeges. 

To clearly define the ssurce of excitation of the 
blade frecuency vibrations, the totul vibratory force 
acting on a vessel is Separated inte besring forcet and 
surface forces. The surface force is more comoletely 
defined by specifying the surféece vwoon which it acts, 

For example, a single screw vessel may have hull surface 
and rudder surface forces while the twin screw vessel mey 
have, in addition, bossing surfece forces or strut surface 
forces. Sometimes, the hull surface forces are referrec 
to as hull suction forces. 

The besring forces are caused principslly by the 
weke variation across the prepeller disc. From past 


investigations it hes been genereliy concluced that in 
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both single and twin screw vessels the bearing forces ere 
é minor source of hull vibration. The hull surface forces 
in single screw vessels or the bossing surface forces, if 
bossing ere fitted, in twin screw vessels are the pre- 
Cominent sources of excitation. 

A ressoneble theoretical solution to the problem of 
calculating the surface forces is non-existent. A quali- 
tative explanation of the creation of this surface force 
is based on the concept of circvlation. Referring to 
Fig. 1, in position (1) the circvletion is entirely eround 
the blade element as Shown. This causes a negative pressure 
on the forward face and a oositive pressure on the efter 
or driving face of the propeller blade. As the blade ele- 
ment approaches the bossing or hull surfece there 16 a 
shift in the circulation to some path es Shown in position 
(2). The shift in circulation is caused by the introduction 
of the structure in the path of circulation. The chénge in 
circulation is accompanied by 2 tanoentiel momentum change. 
To produce this change a force acts on the system of hull 
and orepeller. As the blade woves past the structure the 
circulation is restored to its origins] valve with an 
snaunpanying reverssl of mementum and force. Thus, @ 
periodic force is imperted to the huli anc the propeller. 
The forces imparted directly to the hull are the surfece 
forces. Those imparted to the nropeller result in beéring 


forces. 
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The composition of the actual periodic force system 
Gescribed above is not definitely known but is seen to be 
@ complex system. In orcer to cermit an experimental 
anélysis of the force system it is necessery to replace the 
actvel system with a simplifiec force system which is con- 
sicered to be practically equivalent. In adopting such a 
System only the blade frequency vibrations are considered, 
In the past investigations an esuivalent system coneisting 
of six components was adopted: vertical, transverse, end 
longitudinal forces and couples ebout the vertical, trans- 
verse, and longitudinal axes. From past work it hes been 
seen that the predominant components are the vertical and 
horizontal forces ané the couple about the longitudinal 
axis. It should be emphesized thet these components of the 
acgopted system are nominal, simple harmonic ferces which 
are nearly equivalent to the actual totel force system. 
Thus, it seems entirely feasible tc reduce the entire pro- 
blem of propeller excited vibrations to individvei in- 
vestigations of predominant equivalent force components 
acting on one of the known sources of vibretion, i.é. 


bossing surface, hull surface, rudder surfece, or bearings. 


B. PREVIOUS WORK 
In the past four basic approeches have bem usec to 
determine information regarding propeller excited hull 


vibrations. The basic appreaches ere: (1) electricéel analogy, 


meseye @orcet sibetiog Lautos eds 16 noit teeqmes eT 
ad of reee #2f Jud nwond yletiniteb son at svods bedliserb 
[sinemicwaxa ne Tiaxeq of 1ebt8 al .metaya xelesics « 
ods sosige: ot yteeecwoen ti ti meteys g210t oft to Bley lane 
-7Go #1 daidw amteye sorot baeitifamie 6 dtlw matavye leutoes 
A aeee Onliqoedbs al .trelsvivpe yilssitosiq ad ot beteble 
sbeveblane> et& enotsseidiv yansupe1t? ebeld edt yine amcaye 
ontselenod Metaye saslevinoe as envisapiseesvni teba ent ni 
One ,9etovensts .fesitiev sbete@obs esw einenommoeos xte to 
~snett ,l@etsisv sdt suods eelquvoo bns evot0e? Lantbut tpnol 
feed 26d fi Anew tese mort .20xs Lenioutipnel one .emtev 
ans Lasistiev oft 915 #tnsncqwod saentmobs1q ads stadt neve 
ispihutipre! add tuode selowso eft bas eso10t Lestnosited 
ent fo etnsnogmos atedt sedi bes teernque ed blucde 31 .atxe 
doin @eeat0t sinowred siamts ,lenimon ore wmetaye bet qobs 
<maseye eor0t Lajos isutos ois ot Snelsviwpese ylresn s15 
~@be aiitns ent sovds1 of Sidlésst yloittne ameee ti  awdT 
-l dauoivipni ct enolserdiv bestioxe relleqeta Yo meld 
tinanegnes ss10t jnsleviups tnanimobestq to enolitéolteev 
-9.i ,nelisadiv Yo Bsatu0e® mvond oNS 1o ero no Onde 


-@oniteed 1@ ,eostive tebbut .e2strua Ilud ,soetive pnlaezod 





2Uu0Ivaay .a@ 
ct Setu oped even 2zedosoteqs olasd rwv0ot tarq eft al 

Liva Besioxe wilfseetq pnibrape1 nolismrotni snimiesed 

c¥pclsne L[eoliso@lw (1) sete esdosoreqs otesd ofT  .enetisidiv 











(2) full seale shipboard measurements, (3) self nro- 
pelled mede) testing, and (4) propeller tunnel investi-~ 
gations. 

Professor F. Kh. Lewis has computed the pressure 
veriations on én infinite slane wall, parellel to the 


(10)*_ the 


propeller axis by an electricéel analogy 
analogy consisted of magnetic measurement of the field 
strength of en electrical mocel of a propeller in which 
current verying concuctors replacec vortex filaments. 
From the besic data, pressure contours could be slotted 
and these in turn integrated to cetermine the meonitude 
ef the total vibratory force. It is elso possible by 
this method to deduce the tetal meen longitudinal com- 
ponent of the »ressure, which sheuldc correspond to the 
thrust deduction. This method srovices the order of 
magnitude of the ferces only. The broad estumotion re- 
guilrede for solution of the problem exclude the possibility 
ef refined results. 

The literature evailable on ship vibration indi- 
cates thet numerous shipboaré vibratory measurements 
heve been made 19), 15) 5 (4) | The surpose of many of 
these investigations has been to correlate date for 
verification of the desien formulas ywsed in the cal- 
culetions of the naturel freavency of the hull strusture. 


The shipboard vibratory investigetions in which the ob- 
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jective was to determine faformetion regarding the source 
and mégnitude of the excitation forces are few. Measure- 
ments of the vertical excitation forces on the OLD COLONY 
BARINER were mace in 1952 and on the GOPHER MARINE! at a 
later date, (LL) Obviously, seme shipboerd measurements 
ere necesséry to establish ilews of similitucde so thet 
model testingwill be of significance, but full scale besic 
research is impracticeél. 

Professor Lewis conducted reseerch on the propeller 
excited vibration problem by means of self-propelled models 
uncer the sponsorship of the Society of Naval Architects 
ene Marine Engineers in the early 193015429) | A continuation 
of this work, e@gain by the use of self-propelled mocels, hes 
been conducted recently under the sponsorship of Penel H-& 
of the Society of Naval Architects anc Marine Engineers 14) | 
Practicelly all of the information available on this sub- 
ject is @ result of this reseerch with the self-propelled 
mocels. The system employed consists of @ hull belence 
system. An adjustable vibration generator and a vibration 
cetector sre mounted on the model. The magnitude and 
Girection of the vibratory force applied to the model by 
the vibration generator is controllable. The srocedure 
wovle be te run the model at the cesireé edvance to- 
efficient, acjust the vibration generator to give @ zere 
outnut from the vibretion pick-up, anc then interpret 


the vibration generator settings to calculate the vibratory 
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excitation force. The vibreticn detector (pick-up) can 
be adjusted to respond to either verticsl, transverse, 

or torsionel motion. This approésch to the sroblem has 
yielded good results but has many disadvantages from an 
operational standpoint. The employment of self-propelled 
models is expensive, cumbersome, anc recvires sore tyne 
of shin model tank fecilities. 

The basic aproreach to the problem which is the most 
convenient experimentally is thet of e propeller tunnel 
investigation. Two methods have been employed in the pre- 
peller tunnel approach: (1) measurement of forces, (2) 
messurement of pressures. To the anthnors' knowledge there 
is no published information indicating that propeller 
tunnel investigations of propeller excited vibrations have 
been conducted at other than Massachusetts Institute of 
Technology. Five theses have Seen written concerning 
different phases of propeller excited vibrations since 
1941. Pinkerton and arnoig*t4) and Reece and Lansdowne? °) 
measured, cirectly, the vibratory force ecting on a scale 
model of @ ship's bessing. The three remaining theses 
measured the pressure field in various locztions near the 
rotating propeller. Ellis and sendersea’”? mecsurec the 
pressure distribution on se model bossing and integratec 
the pressure ceontovrs over the area of the bossing to find 


(é) 


the total bessing surfece force. Dinsmore and Hoooer 
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meesured the pressure field on a flat surface cirectly 
above the propeller simulating the shio's hull. The 
oressure contours couldbe integreted to find the hull 
surf@ce forces. McClure anc Mave r'13) used, whet was 
essentially, a pressure arobe to measure pressure at 
various lecations in an attemot to define the pressure 
field surrounding the propeller. All these methods in-~ 
volved tecGious data reduction techniques, such as scagpehe 
of cathode ray oscilloscope oresentetions, grashical 
harmonic analysis, end grashic.l integration of pressure 
contours. AS a result of these time consuming data re- 
duction methods the amount of useful information and 


systematic testing has actwally been extremely smell. 


C. OBJECTIVE. 

The importance of reducing hull vibretions in all 
types of vessels needs no emphasis. Before vibration 
free designs can be made it is necessary to understand 
the mechanism of propeller excitetison anc to uncerstand 
this mechanism additional research is necessary. The 
current technical interest in this problem is evidenced 
byl) ana the fact that a research program is now at 
the Davic Teylor Model Basin uncer the general ecvice 


of Reseerch Panel H-& of the Society of Naval Architects 


ané Marine Engineers. 
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| From an exemination of the scope of the problem 
and the results of previous investigetions it becores 
apparent that @ complete uncerstanding of the design 
parameters affecting oropeller excitation enc their 
relative importance is lacking. By employment of 5 
propeller tunnel it should be possible to investigate 
separately the varicus sources of excitation and their 
relationships to design or operational parameters. 
As discussed earlier an equivalent force system con- 
sisting of nominal simple harmonic forces méy be em 
mleyed anc therefore eéech excitation source can be ex- 
amined for the simple hermonic forces constituting the 
ecuivalent system. For examnole, en investigation of the 
bossing surface forces could be canfinec to the force 
normal to the bossing. A wodel bossing has recently 
been designed end developed at the Marine Propeller 
Tunnel at the Massachusetts Institute of Technology 
for use in such an investigation. 

The objectives of this thesis eres (1) to 
assemble a satisfactory detector system for measure- 
ment of the vibratory forces normal to the bossing, 

(2) to arrive et an acceptable method of system cali- 
bration, and (3) to investigate as many of the variebles 
affecting the magnitude of the vibratery forces as time 
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Il. DESCRIPTION OF APPARATUS 


GENERAL 

The measurement of the vibretory force normal to 
the bossing was made by piacing & cast aluminum bossing 
vostreem of the propeller in the test section of the pro- 
peller tunnel, See Ficures I1, IiI, ene IV. The hydro- 
cynemically induced vibratory forces cause a retational 
displacement of the bossing. This displacement is pra- 
portional to the magnitude and frequency of the excitation 
er vibratory force normal to the bessing. The motion of 
the bossing is transmitted through as hollow steel shaft te 
the horizontal erm end finally, by means of avertical red, 
toe the moveable coil of the cetector vunit.see Figure Iil. 
The horizontal arm and bossing sre clamped to the center 
portion of the hollow steel shaft which is clamped at its 
ends to the inside of the propeiler tunnel. The Cimensions 
of the hollow shaft ere such that it respends only to the 
applied moment, resyvilting in en engular displecement or 
twist of the shaft with negligible bending, 

The relative motion of the moveable coil in the 


Getector, with respect to the field of a fixed energized 
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Fige II. Propeller and Bossing mounted in test 
section of tunnel. (Note hole in bossing at 0.7 
radius for attachment of wire from calibrator. 
One inch spacer is attached to bossing. ) 





Fig. VI. Bossing, nose pieces, and spacer rings. 
(One inch spacer attached. ) 
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coil, xesults in the generation of a valtage proportional 
to the velocity of the moveable coil. If simple harmonic 
motion is essumed, this voltage is elso propo:tional to 
the displacement of the bossing. The outsout of the de- 
tector, after amplificetion, Ls used to energize the 
moveable coil of an AC galvanometer. This instrument is 
essentially a wattmeter in which the magnetizing coil is 
energized by the output of 6 sine wave generator. The 
megnitude of the unknown force end its phase relationship 
te the propeller blade positicn is determined by comparison 
ef the resultant galvsnemeter deflections with reedings 
representing forces of Known magnituce. Such known forces 


and ceflections are plotted as calibration curves. 


A. PROPELLER TUNNEL 

The tests were mace at the Massechusette Institute 
of Technology, in the marine propeller tunnel, which is 
described in detail in?) and illustreted in Fig. IV. 
in general, it consists of @ closed circuit of large 
diameter tubing, through which water is circulated by an 
impeller located in the bottom, horizontsl leg. The upper 
lee includes a test chamber in which the orepellier is run. 
water enters the test chamber through e converging nozzle 


twenty inches in diameter at its ovtlet. The sropeller 


is driven by a shaft entering the test chember through the 
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receiving nozzle. “Speed control of both the water velocity 
and the propeller is by the Ward-Leonare system. A single 
100-horsepower induction motor drives three generators, 

one for the impeller, one for the dynamometer, and one for 
excitation. A 75~horsepower motor drives the impeller end 
@ 40-horsepower motor drives the dynamometer. 

Water velocity in the test section is weasured by 
using the differential pressure in the inlet nozzle. This 
pressure differential is transmittec to s gage containing 
a heavy hydrocarbon which has been calibrated by pitot tube 
measurements. Prepeller revolutions sre cetermined by an 
electric clock counter mechanism anc torque is meésurec by 
reading the angular twist in a calibrated shaft. Thrust 
measurements are determined by a weighted belance erm in 
30-p0und increments while the differentials are converted 


into oil pressure anc ere read on a mercury column. 


B. PROPELLER 
The propeller usec throughout the investigation 
was a twelve inch model of a <ck-fost Trosst merchant 
tyme nropeller designed for an ore carrier. It has the 
following chaerecteristics: 
Materiel: Cast Aluminum 
Diameters 11,82 inches 
No. of Blades: A 
Pitch Ratio (o/¢e): 9.957 
Mean Width Ketio: 0.248 


Blade Thickness 
Fractions 0.95 
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C. BOSSING 

The bossing consists of en aluminum casting fitted 
with detachable wooden nose pieces for verying its length 
enc Shape. See Fig. VI. The cest aluminum sortion hes 
been machined and hand filed te the dimensions shown in 
Fig. V. 

As shown in Figs. V anc VI the sluminum portion 
consists of three different shapes or sections: the hub 
section, airfoil section, and channel section. The hub 
er cylindrically shaped section houses a removable, 
Sohericelly seated bearing designed to support a ocroneller 
Shaft extension if used. The bessing enc bezring are so 
desicned that it is possible toe vary the clearance between 
the sirfoil section of the bossing end the propeller while 
the bearing remains fixed in relation to the propeller 
shaft extension. This is accomplished by atteching 
cylindrical specer rings to lengthen the hub portisn of 
the bossing. When the clearance is veried between the 
propeller and the bossing the spacers @re inserted to 
meintein @ constent clearance between propeller hub end 
bossing hub whether the besring is in use or not. The 
forwerd or leading edge of the hub is fittec with a re- 
movable, wooden fair-water or nose piece. Fig. VI shows 
the bessing, several specer rings enc the wooden nose 


pieces, 
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The eirfoil or hydrofoil section extends from the 
hub to the channel section. The length of the airfoil 
section is such thet with the bessing positioned in the 
test chamber of the propeller tunnel it extends radially 
beyond the water jet between the two nozzles. The 
aluminum portion of the airfoil section tekes the form 
of the U.S. Nevy Standard Strut Section. The forebody, 
es previously mentioned, consists of wooden nose oleces 
of various lengths, which complete the streamlined shape 
of the airfoil section. For these investigations two 
such pieces were employed. The first, or long nose piece, 
represents the forebocy of the Navy Stéendara Strut Section, 
giving the bossing an overall length of 9-3/8 inches. The 
second, or short nese piece, has @ semi-circular cress- 
section of diameter equel to the thickness of the eluminum 
beséing at the forward edge. Thus it represents the mini- 
mum overell length oovsible with this aluminum afterbody. 
In subsequent clecussions any reference made to the leng 
bessing is to be interpreted as referring to the sluminum 
casting with the long nose niece attached. Similarly, 
the short bossing is the aluminum section with the short 
nose siece in pléece, 

rar thé section of bossing outside the flow a 
mecified chennel shene is used to maintain maximum stiff- 
ness with minimum weight. At the upper end, prevision is 
meade for clamping the bossing to the hollow steel shaft. 


see Fig. V. 
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PD. HORIZONTAL ARM 

The norizontal arm 1s mountec transversely near the 
top of the propeller tunnel es shown in Fig. III. It is 
clamped to the hollow steel shaft at approximately the 
center of the propeller tunnel hatch. The angular dis- 
placement of twist of the steel shaft causes a rotation 
of the horizental arm and a resulting vertical displace- 
ment of the unclamped end, where it is connected to the 
moveable coil of the detector. The linksge between the 
moveable coil of the detector anc the herizontsl erm is 
e 3/8-inch rod with o rigid coupling for essy disassembly. 

The arm is an eluminum casting, having an I-beam 
cress section to give maximum stiffness with minimum 
weight. The casting has been machined to the dimensions 


shown in Fig. VII for clamping to the hollow steel shaft. 


k. MOUNTING 
Both the horizontsl arm and the bossing were clamped 

to a hollow steel shaft having an inside clometer of 

2-1/4 inches, an outside diameter of 2-1/2 inches, and 

@ length of 30 inches. Limensioning of the steel 

Sheft was such as to provide a large bending stiffness 
with suitable torsional stiffness for the magnituce 

of forces anticipated. The shaft was rigidly clamped 

te the inside top of the propeller tunnel test section 


&t two points each sporoximately thirteen inches 
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from the point where the horizontal arm wes mounted. See 
Fig. III. 

The shaft was clampec in two cast bronze mountings, 
machined te the cimensions shown in Fig. VIII. The bronze 
mountings ere bolted to the inside top of the proveller 
tunnel test section and so pesitioned that the hollow steel 
sheft is parallel to the propeller shaft. Once instelled, 
the cast bronze mountings and the hollow steel shaft re~ 
mained in the preoeller tunnel throughout the investigation, 
The horizontal arm was permanently clemped to the hollow 
Steel shaft in the cesired locsxtion just below the pro- 
peller tunnel hetch. Thus the herizontel arm, hollow 
Steel shaft, end bronze mountings remeined in position 
throughout the investigation. The bessing wes shifted 
to various locations on the hollow steel] shaft and removed 
from the test section whenever recuired and/or at the com- 
aletien of @ day's work. The detector and calibrator were 
Glemped to the oropseller tunnel hatch coaming for easy 
remevel end in the case of the calibrator, ease of re- 
lecetian to the control panel. See Figs. XIV ane XVI. 

The positions of the detector unit and the calibrator 
were carefully marked to fecilitate exact relocation, 

In ecdition to the bossing system mounting as ce- 
Scribed ebove, the proneller mounting and the mounting 


for the fricticnless bearing ovlley should be mentioned. 
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Propeller mounting refers to keying the propeller to the 
propeller shaft for the measurement runs. The importent 
point is that the propeller and woronpeller shaft were care- 
fully markec to insure correct angular mounting of the 
eroneller. This was required for the method employed in 
determining phase angle relationshins. See Appendix A. 
The frictisnless bearing pulley wes mounted in 
such & location #8 to insure normal ettechment of the 
celibration wire to the bossing. See Fig. XV. A chennel 
beam wes bolted between the two nozzles of the test 
Ghamber. See Fig. IV. The pulley was then mounted on 
the channel in such a fashion that removal end reinstallation 


was easily accomplished when cesired, 


F. DETECTOR SYSTEM 

The wiring diagram of the detector system is shown 
in Fig. IX. From the writing diagram it cen be seen that 
the instrumentation consisted of five major components: 
getector, amplifier, galvanometer, sine wave generstor, 
anc cathoce ray oscilloscope, 

The detector 1s described in detail in (10) and 
fllustrated in Fig. X. It consists of a fixed coil, (E), 
energized by a lead acid storage battery, end 4 moveable 
coil, (€F), conteining 8000 turns of No. 36 enameled 


copper wire. The moveable coil is positioned within the 
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cCetector case by & peir of spring bronre tlexwres end 

is connected to the horizontal arm ky a three-eighths 

inch ree #& shown in Fig. III. The detector ghewn in 

Fiaq. % wae modified to accommodate the thres-eighths 

inch rod by replecing (3) with e cone-cheped piece and 

Crilling a hole in the center of the case top. Lnereizing 

the fixed coil forces flux in the eir gap between (A) ened 

(Cc). Motion of the moveable coil therefore generates 2 

voltage srosortional to its velocity and the flux linkages. 
Amolificetiaon of the detector signal wes eccomplished 

by means of @ Generel Radio Co. voltage amplifier having 


the fallewing cheracteristics: 


Serial Wo.: 162 

Model: T1lAA 

Constant Gain: 20-6000 cps. 

Mid-Band Gain: 910 meximum with variable 
gain control. Gain control 


Cisal subdivided ints 20 
Civisions. 


The autput of the amplifier was fec ts the moveahle 
coil of a galwanometer. This galvanometer wes manufactured 
by the Rybicen Comoeny of Philadelohia, Pe. In the years 
following its purchase, Profeesor F.M., Lewis recesigned 
the galvanometer so thet it is now best deascribec es an 
@élterneting current gelvenometer or a very sensitive 


wattmeter. The magnetizing coil af the gelvenometer was 
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energized by a sine wave generetor whose voltage outaut 
wes a function of speed. Since the calibration runs 

were mecde et sheft speeds corresponding to those of 
netisurement runs the only variable supplied to the gel- 
vanometer was the amplified detector signal. The 
galvanometer as mocified actually performed as & watt- 
meter and read EI cos’. A 110-6 valt transformer wes used 
as a Supoly for the light source of the gzlvanometer. 

The sine weve generator employed was model No. F-16, 
manufectured by The Electric Indicator Co. of Stamford, 
Conn. It is rated at 1.3 volts ser 100 rom anc hes two 
eutovts which ere 9O° ovt of phase. This permitted read- 
ing EI cos3, and EI cos (8 + 90°) or EI sin} with the 
gtlivanometer. EI cos3 was cesignated gs the A reading of 
the oelvanometer and EIsin3 es the B reading. The angle 
wes designated By or Bo carresponcing to a calibration run 
or a measurement respectively. 

The wiring dilaegrem incicetes that the emolifier out~ 
out was also fed to @ cathoce rey oscilloscope. The 
Ghthode rey oscilloscope wes wsed to monitor the circuit. 
It covld he switched to either the sutput of the sine wave 
generator or the amplifier. [uring the runs it wes keot 
on the emplifier output and thus permitted e visual pre- 
$entation of the signal generated in the detector and 


servec as a werning system for malfunctionina of the ecuip- 


-29- 


tundue saatlev seodw tasetenes aus 54k8 8 yd ERI ter 
af; aeltetitiao edt erxein  .bsee@ lo pelizaevi + of 
te a8 edt 92 eriprocesyrc: e5eeq2 1 Menta ee ae 
-iep add ot betlowe eidainey vine ad? snuz dneae mame 
_ tAAAe A ab Unttoling (i leutos Debt ibom ps mesememlee 
Dea, 2m TAO LENS thoy 2-011 A tes CF Reet dew THtRS 
_ Tatemoravlen adit to oomoe Sdotl edt toh yiaque #26 
_ yal-7 .08 Jobom eee Seyolome 1isisrep mem ania afl. « 
ptulme’é to «90 1ateolenl oie? oi’ eit yd bewetoctussa 
eed tht Boe aoe OGL aac atiev. §.1 ta beter af Adom 
~bedt Se2dimtec SINT .eeasim he fue °OR ost fakin atuaeo 
#43 M3 by Gnie IS ve (*0P + f) 202 14 pag «foo TF p : 
te gntbaet A ait 45 bexerpieah cee Apoo I .xevemon 


- afpne oT .pribest & ott. *8 Ye fa pre, 29: etpmoneviag » 


— A “4 oot ar rf desemeteed 20w 


inven fier J arse 8 “Wlewisongeen tnemstueese & 10 
“— Ww 29807) > i 


=-Suo 19ltllowse eft sedt eedeblont eeresib caitiw eAT 
. 9. ST -sgergel lose yar ahodtas ® 05 Bet omLm can sum 
_ stiwoats of ictines ef peev es sgoppolitoro yer ene 
ovaw ante odd to tunsun, ods xedtio ot decdodime, ml) plwes 
797g loweiv § Getiiwreg avd? bre Juatvo sel] 
ane Kedowseh edd nt Datgnense Lanple add tom 































ment or circuit. Figure XI shews the emplifier, gal- 
venometer, cathoce rey oscilloscope, and switch box 

¢ used during the investigetion, The switch box merely 
orovided a convenient mounting for the various switches 
which were installed in the detector circuit for ease 


and flexibility of operetion. 


G. CALIBRATOR 

Figure XII thows the principal cimensions of the 
calibrator and Figure XIV shows the celibrator in position 
for ée calibration run. This mechéenism was usec to cali- 
brate the entire system so thet the galvanometer reading 
could be related to the maqnitucde of the hydrodynamically 
induced vibratory forces. Basically, the calibration 
mechanism was cesigned to anoply an excitation ferce of 
known megnitude and freavency to the bossing at é position 
asevmec to correspond to the point of apoliczticn af the 
actual vibratory force. 

The calibrator consists of & cam actuated lever 
arm which is driven at four times propeller speed by 
shafting geared to the dynamometer. Connectec to the 
lever erm is a wire-enring combination which in turn is 
connected to the bossing. The wire is normel to the 
hoesing at a point whose distance from the pronveller sheft 
axis is equal to 0.7 of the propeller radius. Longi- 
tudinally the point is located sonproximstely two inches 


from the trailing edge of the bossing. ‘Cee Fig. II. 
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Rotation of the cam shaft causes a sinusoidal dis- 
placement of the lever erm and conseavently a sinusoicelly 
varying elongation of the wire-epring combination. An 
excitation force equal in magnitude toa the soring constant 
of the wire-spring combinetion times its elongation is 
thus applied to the bessing. The cam hes 4 total throw 
of one-quarter inch causing # displacement of 3/32 inches 
et the point of wire ettaechment to the lever arm. 

Te minimize flexure] and torsionel vibration of the 
cam shaft, € flywheel was attached to tne shaft and ¢ 
secone cam wes installed adjecent to first but 186° evt 
of ohase. Eech cam actuated two lever ermt, held in con- 
tact with the cam by springs, Only one of the four arms 
wes connected to the wire running to the bossing. cee 
Figs. XII, XIII, end XIV. It was found during the eerly 
calibration runs that the effect of the three extra lever 
arms wes negligible in reducing torsional vibration, end 
they were therefore removed. This explains the additional 
Cam shown in the illustrations, 

Figure XIV is 2 photograph ef the calibrator in 
position on the propeller tunnel hatch coeming for a 
calibration run. The various sorings shown were ettached 
directly to the lever arm by means of a tension reguléeting 
Sspincle. The wire then led from the spring to the ooint 


of attachment on the bossing. See Fig. XV. The wire used 
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Fige XIV. Propeller tunnel hatch showing detector 
mounting and calibrator in position for a calibration 
rune Note calibrating springs in foreground. 





Fige XTX. Tuning Fork. 
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was 0.010 in. Giameter piano wire. It was directed 
normal to the bossing surface by using a pulley ith 
frictionless bearings positioned es shown in Fig. XV. 
Gere wes taken to insure that the vibe une no kinks 
in oréer to maintsin és nearly es possible a linear 
wire~soring combinetion. 

As seen in the illustrations of the caelibrator, 
the eine weve generator was mounted on the seme base 
és the cem shaft and gearec cirectly to the cam shaft. 
The only purpese in using a gearec crive was to evoid 
sh alignment problem between the cém shaft end the sine 
wave generstor shaft. The flywheel, in addition to re- 
ducing torsional vibrations, proviced & suitable locetion 
for the mounting of an indicator card used in phase angle 
ceterminéetions. The hair line and indicetor card were 
adjusted so that a- 0° reading on the card represented 
the high point of the actuating cam. This reletienshipn 
36 discussed in the Appendix. However, it shoula be 
wuAdionea here that the celibrator was cesianed in the 
ébove manner to provice flexibility of the system in 
ahysical positioning. AS & packeged unit it was easiiy 
moved to a new locéticn above the tunnel control panel 
during the actual meesurement runs without cisturbing 
the angular releticnships between the cine weve gen- 


erator pheses, incicator cared, ence cam. 
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AS originally designesc the calibrator unit, when 
in position for e calibrétion run, wes criven by & long 
flexible cable gesred to the Gynamometer shaft. kx- 
cessive torsional vibréetion made it necessary to use @ 


Solid eheft with short flexible canies et each end. vee 


“Ti 


ig. XIV. The gearing was fcur to one at the driven end 
$9 thet the long shaft anc cam sheft (calibretor) 
rotated et four times propeller shaft apeed. When the 
calibrator wes relocated above the contrel panel for 
measurement runs one af the short flexible cables was 
usec to crive the calibretor from the seme cears on the 
Cynaemometer sheft. Figure XVI shows the calibrator unit 


in postition above the control panel for a measurement run. 


He. PHASE SYSTEM. 

Determination of the phase reletionshio between the 
time of occurrence of the meesured force ane the propeller 
blade position with respect to the trailing edge of the 
bossing is described in cetail in the Appendix. The pro- 
cedure consisted of determining three a@ngies. Two of 
these angles were calculated directly rrom the galvénometer 
readings; one from the calibretion runs end ene trom the 
meesurement runs. The third angie was reed cirectly on 
the calibrator indicetor card during the meesurement 


runs. 
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Essentially, then, the phase system consisted of 
the galvanometer, the incicator card on the flywheel of 
the calibrator, the phaser for timing of the strobe 
lights and a telescope. The telescope was mounted in 
a side window of the oreseiler tunnel as shown in 
Fig. XVII and used to correctly time firing of the strobe 
lights. One strobe lignt was mounted at a window in the 
test section and the other on the control panel for reed- 


ing the indicator card, S8oth lights fired simulteneously. 


Il. TUNNEL SPEED CONTROL 

For @ll constant speed runs, the propeller sneft 
was operated et a speed corresponding to a frequency 
close to the natural frequency of the bossing system. 
Increesed sensitivity in force detection together with 
Satisfactory phase angle determination wes attained by 
operating the system fust off the resonant pesk, ‘Such 
e frequency reovired that the control of the propeller 
shaft speed be extremely accurate. The principle 
of the Wenner speed controller was utilized. 

The speed control circuit is discussec in detail 
ppt) Besically, speed control was obtéeined within 
very narrow Limits by means of an adjustable frequency 
tuning fork acting in the motor field circuit es shown 
in Fig. XVIII. The tuning ferk actually consists of 


@ pair of tuning forks of different lengths and can- 
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FIGURE XVIII 
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sequently of different frequencies, mounted one over the 
other. The pair of forks were designed so that the 
relative position of the tuo could be varied by a screw 
edjustment. Clips near the ends constrain the forks to 
vibrate together. Rough frequency adjustment is ettsined 
by atteching weight sets to the fork tios. Finer adjust- 
ment is achieved by verying the acjustment screw. 

\ two-part commutator is geared to the dynamometer 
shett. The commutator is ¢ecnstructed so that the circuit 
is closed for half @ revolution and open fer half a 
revolution. In geries with the commutator is the tuning 
fork make-and-breek contact maker which is adjusted so 
that it is closed for half @ vibration anc open for the 
other half. If the tuning fork and commutator ere running 
in step the second field rheostat will be short circuited 
for a portion of esch revolution. The field current will 
attain a certsin value dependent upon the phase relation 
of the tuning fork and commutator. If the load or voltage 
changes the commutator speed, and therefore the phese 
relationship, the field current will then very to return 
it to the desired valve. A galvaenometer in the circuit, 
mounted on the control panel, provides visual indication 


of synchronism of the commutator and tuning fork. 
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Lil. PROCEDURE 


Once the instrumentation and method of calibration 
were considered tc be operationally accepteble, the pro- 
cedure consisted of three basic steps which were reveated 
for each condition investigated. These were: (1) ca#li- 
bration, (Z) measurement and (3) force and phese angle 
determination. Before the investigéetion could oroceed, 
however, it was necessary to investigate the effecte of 
cértein variables, correct design defects, and obtain 
reproducible cata. Since this initial procedure is con- 
fined to only the beginning of the investigation it will 
be omitted here and discussed insteac in the Appendix. 

Calibretion consisted of applying a force of known 
magnitude and frequency to the bossing ane recording the 
response of the syste 2s galvanometer deflections. 

This wes accomplishec by using the calibrator cescribed 
in Section II and 6 variety of wire-spring combinsetions. 
The wire from the calibrator wes attached to the bossing 
at &@ mosition which wae assumed to be the soint of éppli- 
cation of the hydrodynemically induced vibratory force. 


& variety of springs was used with the calibrator cover- 
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ing @ range of forces from approximately 0.26 lbs. to 
1.10 lbs. Enough wire-spring combinations were usec 
to clearly define calibration curves of resultant gel-~ 
vanometer deflections vs. force. 

Once the desired spring was attached between the 
calibrater lever arm end the wire to the bossing, it 
was necesséry to set the initial tension end determine 
the megnitude of the force which woulc be annlied to 
the bossing. The initial tension was set by placing 
the desired weight on the weight pan and then adjusting 
the lenath of the wire-soring combination (the elonaation 
of the spring) until the lever arm just liftec from the 
low point of the cam. See Figs. XVI and XX. The maqni- 
tude of the force éspplied to the bossing through the 
wire-soring combineticon was measured by adding weights 
to the weight pan until the lever arm just Lifted off 
the high point of the cam. The weight pan was then 
cisconnected from the lever arm and the tunnel run at 
the required speed. If the calibration wes to be at @ 
canstent propeller speed, the tuning fork speed control 
circuit wes used. For variable sneed runs the tuning 
fork was disconnected, This procedure was repeated for 
@ number of wire-sorina combinations, the number used 
being determined by the number required to define a 
calibration curve, The end result of @ calibration run 
was a plot of resultant galvanometer deflectisn read- 


ings against force. 
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FIGURE XX 
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The response af the entire system was a function 
of the megnituce anc frequency of the applied force and 
the natural frequency of the bossing. The natural fre- 
quency of the bossing system varied with clearence be- 
tween the propeller and bossing, end the lencth of the 
nese olece used. Therefore, the calibration runs had 
to be made under the same cenditions as the measurement 
runs 

For the meesurement runs the wire of the wire- 
Spring combination was removed from the bossing, the 
propeller instelled, and the calibrator relocated on 
the tunnel control panel. See Fig, XVI. ror the major 
portion of the investigation the preveller speed was 
held constant by the tuning fork speed control circvit 
end the water velocity changed to give the desired 
thrust variations. The remeincer of the data was teken 
with either constant water velocity anc variable RPM, 
or constant thrust end variable combinations of pro- 
veller RPM and estes velocity. 

In addition to recording the galvanometer de-~ 
flection readings, as in the calibration runs, it wes 
necessary to record propeller speed, thrust, water 
velocity, and the angle a, as read on the indicetor 
card of the calibretor. The methed of measuring pro- 
peller epeec, thrust and water velocity is described 


fn Section II. 
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The angle a is defined as the phase engle between 
the tire the generating line of an arbitrarily selected 
oropeller blade coincides with the trailing edge of the 
bessing, and the time the calibrator cam causes the 
maximum positive force to be applied to the bessing during 
calibration. The orepeller shaft was merked so thet the 
generating line of the chosen blade coinciced with the 

ratlino edge of the bossing when the cress hairs of the 
telescope were aligned with the merk. See Fig. XVII. 
During the measurement runs the timing of the strobe 
lichts was adjusted until the ecribe merk on the pro- 
peller sheft coincided with the telescope cross heirs. 
The angle a was then read on the célibratar indicator 
card. 

Once both the calibration enc measurement runs had 
been comoleted for a desired condition of investigation, 
the magnitude of the hycrodynemicelly induced ferce could 
he determined together with tts phase relationshio to the 
oropeller blade position. From the galvanometer readings 
recorded during the celibration runs, resultant galveno- 


meter readings anc the engles, were computed: 





7 
Resultant reacing = fh reading + B reading 





| ~l Breacing 
4 = tan Kreading ; 


The resultant reedings were plotted against the forces 
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which produced them te give a curve of force vs. resultent 
galvenometer readings for the particular set of conditions 
emoloyed. 

The resultant galvanometer readings end the angle Be 
for the measurement runs were computed in a similéer manner, 
The calibratiscn curve was then entered with resultant read- 

ings and the magnitude of the forces determined. The vohase 
relationship between the time of occurrence of the meesuredc 
vibratory ferce and the time the sropeller blade generating 
line coincided with the trailing edce ef the bossing was 
then calculated. This relationship is resresented by the 
angle y, which is defined as the ohase angle between the 
time the generating line of the erbitrarily selected sro- 
peller blede coincides with the trailing edge of the hoss- 
ing anc the occurrence of the meagred hydrodynamically 
induced force normal to the bossing. The relationshin for 
determination of y is: 

4y = 3, - (3, + a) 


where the following convention was adopted for 3) and Be 


Quacrant determinations: 


A reading B reading Angle 
+ + Oo - 90” 
= + 90 - 186° 
os “ 180 ~ £70° 
+ - 270 - 369° 
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IV. RESULTS 


The results of this investicetion are best pre- 
sented in graphicél and tabwlar form. Figures XXI ane 
XXII illustrate the veriation of the vibratory force 
with thrust and clearence. Cleerance values used refer 
to the clearance between the prapellexr leading edge and 
the bossing treiling edqe at 0.7 radius. Since the pro- 
peller blade is slightly reked (8°), ectwal clearence 
veries from one-quarter inch at 0.4 redius to one and 
one-half inches et the blade tin. In examining these 
figures it shovld be remembered that the variétion in 
thrust was obtained by @ variation in weter velacity 
et 2 constent propeller speed. It shovld else be point- 
ed owt that the normal operating point of the propeller 
used would correspond to a thrust of zpcroximsetely <1 lbs. 

Fiqure XXIII shows the veriation in vibratory 
force with clearance for a thrust of Zl lbs. This 
figure clesrly illvetrates the affect of bossing length 
as well as clearance on the magnitude of the induced 
vibratory forces. Figure MXIV is the same information 


as Figure XXIII plotted on semi-log coordinetes. It 
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Should be emphesized here thet Figs. X¥II and XXIIY 

are for one particuler set of conditirns. For exemple, 
these ficures ere for ae thrust of 21 lbs. and @ pre- 
peller speed cf 548 KPM, 

Figure XXV is another slot showing the veriation 
ef ferce with thrust for a particular value of clearance. 
Hewever, in this figure water velacity was hele constant 
and the propeller speed varied to obtain the desired 
thrust values. The voner curve wes taken directly from 
Fig. XXI for purposes of comparison. 

Figure AXVI is nlotted using valves obteined from 
Fig. XXV end illustrates the variéztion of force with 
water velocity. 

The ohese angle relationships resulting from the 
investigation are summarized in Tebles XXXIII and XXXIV. 
The valwes of the ohaese angles for each measurement run 
are included on the measurement tebles which anpoeer in 
the Aopencix. These eavles show the meximum varietion 
in the phase angle for the thrust range used at eecth 
value of the clearance. In addition, the valve of the 
angle is civen for a thrust of 21 lbs. which, as pre- 
viscusly mentioned, corresponcse to the averece ooeratinga 
point of the propeller. 

Table XXXV is e summary of the magnitude of the 


vibratory force end its ohete angle relationshipe. The 
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force vélue hes heen reduced to @ percentage of the thrust 
at the opereting point. 
The generelly accepted law of similitude for bossing 





states that for equal velwes of the advance co- 








fficient, J, the forces very es the ratio of the propeller 
e@ed squared, (F. = Fy (q2)*)- Table MKAVI is an 

: liustration of the valves computed by this law «5 com-- 

to the measured valves, The teble aiso gives the 

computed by the same basic reletionthin but using 


r of 2.75 réther than 2.00. 
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TABLE XXXII 


summary of Phase Anole y 


for Short Bossing 














Clear- 
Clear- me min Ymax Ytez) lps, ’T=21 lbs. 
ance Diem. {-) (-) AY (~-) f+) 

~~ deg deg deg deg deg 
| 0.085 51.0 37.6 6.6 36.9 10.0 
1.59 Cole7 29.9 33.1 3.2 30.6 L4.k 
1.75 O.148 306.2 3403 429 31.1 13.9 
2,20 0.169 not computed 

2025 96199 31.5 Bheh 209% 3d 0 5 12.5 
#50 O21) B.5 37:35 eB 34.8 10. 
2375 0.232 33.5 37.6 hel 250k &.6 
3.00 0.250 9.6 $335.6 46 3229 13.9 


CORR BAPE 6. ORE ey ee FOS, 


AV. BY = 454° 


NOTEs ‘in generally correspencs to high thrust velues. 


a generelly corressondés ts low thrust values. 


OY max is maximum variation. 


By Definition +y is the phase angle by which 
the force leads the preneller blade. 
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@.u! L.i€ Od Code €.06 B6.0 eVid 
bejuq@wos ton ed1f.0 00.5 
2.8! 2.ae 5 wdE 2,18 oe1.@ as.5 
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TABLE XXXIV 


Summary of Phase Angie y 


for Long Boseing 








Clear- 
Clear- fons” ‘min. ‘max. Yy=21 lbs. 
ance Diam. (+) (+) ay (+) 
inches deg deg deg dag 
V 0.085 2309 26.5 Zel A654 
1.245 0.106 aheF 26.1 lod a0 
1.50 9.127 Ripo 3 26.1 1.8 26.0 
1.75 9.1438 ae 2309 1.9 23.8 
#090 0.169 Reo bye 5 1.6 24.5 
Rend 0.190 21.9 Khe cok 2A» D 
2059 0.211 £1.49 2305 1.6 23.0 
£075 0.232 21.6 25.5 3oF 45.0 
3.00 0.250 Kaok 2569 367 R508 
Av. AY = 214° 

NOTEs rs generally corresponds to high thrust values. 

Vous generally corresponds to low thrust values. 

AY ay 28 maximum variation. 


By Cefinition +y is the phase angle by which 
the force leads the propeller blede. 
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TABLE XXXV 


Summery of Force and Phase Angle 








8 


(*) 

deg 

25.1 
25.9 
26.0 
23.8 
nho 5 
24.0 
23.0 
25.0 


RO 
tty 
@ 

a> 


Thrust = 21 lbs, RPM = 54 
SHORT BOSSING LONG BOSSING 
Clear- 
ance 
Clear- Prop. Y q 
ence Ciam. Force Thrust (+) Force Thrust 
inches lbs deg lbs 
1.90 0.085 1.45 6.82 19.0 e076 13.22 
1. #3 0.106 me teem £093 9.68 
1.50 C.127 O09 e333 Ldhe2k 1,88 7.52 
bo 75 0.148 O.71 3.48 13.9 1.42 6.77 
£00 0.169 9.66 3.14 <-~-~ 1,16 553 
225 0.199 0.48 2.38 12.5 0.84 4.06 
240 9.211 9.38 1.81 10.2 0.58 2.76 
2075 0.232 0.31 1.48 $.6 0.82 2.48 
3.90 0.250 42 i.00 13.9 0,40 L.9l 
NOTE: By fefinition t¥ is the engic by which the force 


leads the propeller blade. 
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TABLE XAXVI 
Comperison of Measurec Values With Law 


of similituce 











Force Forse 
Comput— camput- 

Force ec by ed by 
mMeas~ rT EQVuere 2.75 fa t3 
ured N (n./R,) Law (N./,)*° lew 
lbs. RPM lbs. Ibs. 
0.655 539 Le4? 6.56 1.73 6.6597 
0.38 434 
G2535 £96 LAS 9.46 1.727 0.535 
0.31 40'7 
0.680 547 «000 0.510 £260 0.662 
0.460 473 1.49 2. Bi 1.73 Ce al 

4 b 387 

670 568 1.66 »o &90 £2015 0.729 
6.550 506 1.32 9.470 1.47 0.543 
0. 44,9 
=e 516 1.66 O-440 £2915 0.53 
0.385 4Ok 1.24 0 320 1. 366 QO. 264 
0.265 400 
0.345 468 1,25 2. 340 1. 366 0,368 
O.270 416 
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V. DISCUSSION OF RESULTS 


The factual statement of the results of this in- 
vestigation has been presented in the oreceding secticn. 
The purpose of this section is to discuss these results 
in order thet they may be correctly interpreted and pro- 
perly evaluated, 

It hes not been the purnpese of this thesis te 
Gevelon a new theory or to disprove existing theories, 
but rather to cast additionel Light on the mechenism of 
orepeller excited vibratory forces. In an attempt to 
increase the existing fectval knowledce of the phenomeneg, 
the influence of various parameters on the meanitude and 
phase angle of the vibratory force have been stwiied. In 
order that the results of these studies may be a signi~ 
ficent contributien it becemes necessery to indicate their 
validity by en examination of the technicues employed in 
their determinstion. It is also imperative to re-emphasize 
some of the more subtle soints which may be overlooked in 
analysis of the factual results. 

The best method of insuring accurate interpretation 
of the measurement date was by comparison with celibration 


data corresponding in magnituce to the measurements. In 
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determining the varietion of vibratory force with thrust, 
it wes impossible to use this method for all mreasurement 
runs, particularly in the anslysis of data teken with the 
leng bossing (long nose pheea).. (Fig. XXII). Forces ob- 
tained using the short nose siece, with the exception of 
L® clearance data, were taken directly from either directly 
plotted or interpolated (1,75" end 2.5") calibration curves. 
(Figs. XXXV and XXI). The method employed for a clearance 
of 1.0 inch is considered valid although is recognized to 
be not as direct as heving a calibration covering the renges 
of measured force. For clearences of 1.75 ane ..50 inches 
the intereolation between existing calibration curves wes 
linear. As shown in Fig. XXIV these two points ere eiightly 
eff the straight line reprecenting the véeriation of force 
with clearance, Closer correspondence of the cata would 
heve been obtained had @ logrithmic interpoletion been 
made between existina celibretion curves. The ideal 
solution, of course, would heve been the srenseraticn of 
&é separate calibration curve for each indivicual spacer 
arrangement. The overall error resulting frem such 
calibration interpolation, however, is seen to be smell, 
and therefore the procedure is considered justifiable. 

Of the total of nine clesrance runs mace with the 
long nose piece, only four (24%-3") were possible to 


eénalyze directly from calibration curves. 
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Time dia mot mermit «¢ deta redvetion tecnnicue similar 
to thet empleyed for a clearance of i inch with the 
short bossing. For the determination of forces measured 
which were outsice the range of the calibration datz, it 
was necessary te assume that the calibretion curves were 
€traight lines. This assumption permitted force ceter- 
mination for any galvanometer deflection by mere appli- 
cation of the calibretion curve slope. 

In eddition, céeta for clesrances of 1.25, 1.75, 
£2.25, and 2.75 inches for the long bossing were reduced 
by logrithmic interpolation between existing calibration 
curves. It should be noted that the culibration curves, 
6s drawn, co not always intersect at the origin. 

(Figs. XLII and XLIII). The initiel procedure and vre- 
liminary calibrations indicated thet the galvanometer 
scale was not lineer anc, therefore, the calibration 
curves of resultant gelvanometer reedings vs. force 
possessed slight curvature. This was cemonstrated in 
the short bossing calibration curves. 

This discussion should emohasize that certain 
errors were accented in the recuction of the dete for 
the long bessing which were not present in the short “ 
bosting anelysis. If it is assumed thet the values cf 


the force determined for clearances of <.5" ane 3,0% 


are correct, since they were derived directly from cel- 
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ibration curves, the sione of the long bossing curve in 
Fig. XXIV coule be reduced to a value corretponding to 
that of the short bessing. This would indicate that the 
values at smaller clearances &6 nlottec, ere high. If 
the calibration curves were of @ shepe similar to those 
of the short bossing these values would be smaller, and 
better egreement would exist between the. slomes of the 
two curves, Despite these small discrepancies, the 
qualitative results indicate conclusively thet for the 
longer bossing the megnitude of the force is at least 1.5 
times as great as that for the corresponding conditions 
with the short bossinc, 

The curves of vibratory forces vs. clearance could 
be more clearly defined by measurement at clearances of 
less than ] inch. The propeller selected for this in- 
vestigetion was designed with 8° reke eo that a clearance 
ef one inch at the 0.7 radius wae the minimum valve ob- 
tainable. 

During the initial procedure and the exploréetory 
runs it was discovered that Lateral vibration of the 
wire-spring combination introducec a small error in the 
megnitude of the calibration force. The initial tension 
ef the wire was increesed to reduce this vibration, and 
several forms of dampers were used. These proved to be 


unsatisfactory, however, and were removed. Thus a small 
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but constant error existed for all data runs due to the 
lateral vibratien of the wire-spring combination. The 
magnitude of this errer is considered negligible for 
forces exceeding 0.4 ibs., byt may be of some significance 
at lower values of force which correspond to the greeter 
clearances. 

Preliminary runs to determine the influence of 
certain parameters on the proposed calibration method 
revealed thet self-excitation of the bossing system by 
the water was possible. The magnitude of the vibration 
varied directly with the water velocity while the fre- 
quency remained constant at the netural frecuency of the 
beossing system. To increase the sensitivity of the de- 
tector system the investigation was c.ncucted, for the 
most part, near the resonant peek. Thus the operating 
frequency corresponded clesely to thet of the netural 
frequency of the system and, therefore, the frequency of 
self-excitation. When compared with the vibratory forces, 
the influence of this shenomenan was found ta be small at 
the water velocities anticipatec. However small, it is 
pessible thet some slight error could have been introduced, 
particularly at lew thrust values for the grerter clearance 
runs. 

Operation of the bossing systerm near the resonent 


peek made propeller speed contrel extremely criticel. 
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Errors of <« and 4 RPM in oropeller speee ceused relatively 
lerge errors in the magnitude of the measured force. To 
insure that such errors were kent to a minimum, constant 
attention hed to be cirected toward speed contrel, The 
magnitude of the errors introduced is felt, for the most 
part, to be negligible. However, this was only pesesible 
through constant adjustment of the soeed control system. 
It is felt that the cvantity of date taken could have 
been reughly coubled had sneed contre] not been such a 
problem, either by having o more sositive means of speed 
Control available or by operetina the system further from 
the resonent frecuency. 

Figure XXV illustretes the results of en investi- 
gation te determine the influence of water veleetty on 
the vibratory force enc te confirm the existing laws of 
Similitude. Fors constant velve of thrust, the cata 
clearly demonstrates the increzee in the ineuced vibratory 


force with an increase in the water velocity pest the 


bessing. 
Correlation of this data was impossible with the 
MN .. sen 
existing lews of similitude, i.e. Fe * FL Ry = Be ° 


1 
As demonstreted in Table XMXVI, however, if the @xponant 


of 2.00 is increased te 4.75, the reévits are in hetter 
egreement, It is suspected thet the emmlifier in the 


circuit wes eperating at or slightly below the Linear 
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renge of frequency vs. gein for these data rune. With 

a decrease in FPM the curves would drop off more sharply 
than they should. Thus the possibility exists that the 
effect represented here is somevhat exaqgereted. The 
overell discrenancy is felt to be small, however, and 
evalitatively the dats is valid. 

Tables XXXIII end XXXIV are 2a summery of the phese 
angle reletionshios for the vibratory force. In cal- 
culating the valves of the phase enele it was necessary 
te usé€ messurements at a oarticuler gain setting since 
it was found that the angle 8, varied with gain. This 
was thovght to be the results of operating the amolifier 
in the non-lincar fre vency renge. The shase angle 34 
@élso varied in magnitude throughout a calibration run, 
but to a much lesser extent. Since & constant velue of 
By is essential for the evaluetion of the ohese engle y, 
the everage valve of 3, for each calibration run wes ueed. 
For phase angle determinetion where the calibration curves 
hed been cGerived by interpolation it was necessary to in- 
tergpolate between the 3) values also. It is felt that the 
phase angle relationships are of the correct order of 
magnitude but are subject te small errors which were in- 


troduced by the calculation procedure employed. 
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VI. CONCLUSIONS 


1. The induced vibratory force normal to the bossing 


is e function of the following variables: 


(a) Propeller thrust. 
(b) Weter velocity. 


(c) Clearance between pro- 
peller blade and bossing. 


(d) Length of bessine, 


Ze For a constant valve ef pronpeller soecd the vibratory 
force as a function of clearence may be reoresented by the 
following relationships 


— . a 
Fo FLé 


where, Fo end Fy are the vibratory forces 


uw is the slope of the semi-log plot 
of force vs, clearance, enc 


C) anc C.. sare the clearances in 
inches st 0.7 radius. 


3. The lew of cimilitude for vibratory forces normel 
to the bossing corresponds more closely to the following 


relationship: 


A Ze. 


“4 
Tl “ 
[00 QRSEONED FI emer crt 

: : ; em soe 


goleeed edt of lewien sovel Yroterety Seoubni GAT | ud 
- “gee ldettev eriwelle’¥ off Yo morroru) « a2 
. teutds abfieges? (a) | eae 
)"yibsolév zes08 te) — 
<028 Wee~tes eoweree!lD (2) 
Ta se keeod bee e654 teijag ye sat oe 
i _apateted Je Azgemt (P). myer 


>= 6 ie th fe a 





VICMeM ly anit Qusqe TEliecesy Be eelev Snetenoo es amet LE 


sd? 72 OOtneeergeT oo (er SoneTee Ls te nedsom) & ew estob 
” Bi he oom f / te ideneioele® en mrol let 
Ge ee * ¢creoaee Ge f 


jeeger iad “s4., 7 ~ eA ads 
' = ortstewe aft twsqole ome aby a 
ae 8 ioe a ee onee Ws, __— es ta vemasdt 


pth eieviney tO be teat 


2] ee eee ee| Zsa 6S —_ 6 


4 — os > 
tena anaes sr orestm, et gto HL ease, Ve. vtl oa. 
Roiwollod edt o¢ yleeole szem Bhnegaerio© pilesnd aft oF 


rganenoits len 








~e Ge 


— 





for J... = Jy 


K 
oma 
Fe = FG 


where Fy and F., are the forces and Ny and N. 
are the corresponding propeller speeds. 
he For design purposes a cleeraence ecual to 1/23 the 
propeller diameter is recommencec to minimize vibratory 


forces. 


Se The phese angle, y, cefinec as the engle between 

the time the generating line sf an arbitrarily selected 
oropeller blade coincides with the trailing edge of the 
bossing, end the occurrence of the mezsvred hydre- 


Gynamicaliy induced force normal to the bossing, iss: 


{2) Independent of the clearance 
between propeller anc bossing, 
and 


(b) A function of the bossing length 
ance propeller thrust. 
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VIL. RECOMMENDATIONS 


A. Redesign of Appetatus and Chenaes 
te Instrumentation: 


Ll. Desiqn 6 new calibrator capable of apslying 
@ force of at least 5 lbs. te the bossing and operating 


et much higher speeds. 


<o Design a chain or geerec drive for the in- 
creased capacity celibretor te eliminete torsionel 
vibrations at higher loedings. The drive end of the 
system should be at the tunnel end of the dynamometer 
sheft. The new calibrater may ¢till use a short flexible 


cable drive in the measurement run position. 


3. Design & damper to eliminate lateral vibration 
of the spring-wire combination used for calibrating the 
system. In reducing lateral vibrations this damper should 
not be permitted to interfere with application of the cal- 


ibrator force to the bessing. 


4. Obtain & propeller with no rake in order to re- 


duce minimum propeller clearences. 


§. Obtein a voltage amplifier which is linear down 
to 10 coss 1.@. gein is independent of frequency down te 


10 ¢ps. 
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6. Peviee @ system which insures positive pro-~ 
opeller tunnel speed control to within .5 RPM with little 
or no manuel adjustment necessary. This may be accomplished 


by mocificetion to the tuning fork circuit deseribed herein. 


7. Obtain an alternsting current galvanometer or 


Similar measuring instrument with a linear reading scale. 


&. Rewind moveable coil of detector unit to give 
é larger number of turns. This will permit greeter 
Sensitivity end allow eperation away from the resonant 


peek, 


B. For Future Investigations: 


1. Confirm assumption thet eibratory farce is 
@pplied at ge distance from the propeller shaft corres- 
ponding te the 0.7 recius of the propeller. The possi- 
bility exists of eccomplishing this by the use of strein 


Geges. 


ze Investigate the presently acceptec law of 


Similitude to confirm the results of this investicstion. 


3. Investigate sore thoroughly the effects of 
bessing length on the induced force by running at least 


two edditional series, each with cifferent nose pieces, 


4.o Investigate more thoroughly the influence of 


water velocity on the induced vibratory forces. 
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5. Confirm the ohase angle welationshis established 


in this thesis by adciticnal investiqation. 


6. Investigate the influence of wake distribution 
on the magnitude and ophese angie of the induced vibratory 


forces. 


7. An alternate solution to the problem of designing 
@ larcer capacity calibrator and chain grive would be to 


use a smaller diameter propeller. 


$6. Utilize the bossing beering installed in the 
hub to investigate besring forces of blade frequency in- 


duced uSing Similar peremeters ss in this thesis. 
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APPENDIX A 


DPetelled Procedure 





1. Determination of an acceptable celibration 
enc ressurement orocedure, 











After the bossing system and the instrumentation 
were assembled and before the caelibraticn end meesurement 
runs could be commenced, many small, time-consuming pro- 
blems hac to be solwed. The solution to these eroebl ems 
influenced the procedure finally sadontec and therefore 
constitute a part of the initial procedure. The initial 
orocecure may be subdivided intc three grovos of preblems 
or investigations: (1) those concerning instrumentation, 
(Zz) those concerning the mechanical eenects of the bossing 
System es employed and (3) the effects of certain variables, 

The instrumentetion problems were ectuvally simple 
in nature but are incluced for future reference. The ane 
olifier characteristics were unknown et the start of the 
investiaetion. The major characteristics of the amplitier 
which were considered to be immortant were frecvency re- 
sponse, linearity and amplification. These were cetermined 


by verious technicves in the De Forrest Exnerimentéel Siress 
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Ansiysis Laboretory. A slot was made on semi-log paper 

of gain vs. gain cial setting with gain es the log co- 
eréinate. The plot was @ straight line between settings 
of 6 to 1l inclusive, increased suddenly at settings 

ef 5-1/2 and 11-1/2, and was curved above lz and belov 3. 
in oréer to utilize the reietionship between gain and 

gain dial settings it was necessary to restrict tne 
settings used between the values of 6 and ll. A plot 

was made of gein vs. freavency for various gein cial 
settings in order to determine the linear rence of fre- 
quency response, A constant gain was obtained from 
aporoximately 20 cps to 6000 cps. Lince £0 cos corres- 
pencs to @ proneller speed of 300 ROM, if « four-bladed 
orepeller is usec, 300 RPM was caonsicgered te be the lowest 
possible shaft speed. Actually, it «as found leter in the 
investigation that with the amplifier in the cetector 
¢irevit (Fig. IX) the lineer ranoe cid not extend much 
below 35 cos. Thus the amplifier cheracteristics as 
eriginally ceterminec restricted the flexibility of the 
measurement system to propeller speeds greater then 300 RPM, 
and gain ¢cial settings of 6 to 11 inclusive. 

Despite the fact thet the lineer renge es originally 
measured was found to extend to es lew as 25 cps, trouble 
was experienced with the ohase angle relationshiss. It 
was found that the phase shift within the amplifier veriec 


with gain. This probably was a result of operating at a 
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frequency which wes in the non-linear range of the sm- 
plifier. This condition was recognized early in the in- 
vestigation. To correct it en amplifier of a Lower 
frequency range was required. Such an amplifier was not 
available so0 the angles 3) and Bg became functions of the 
gein cial setting. 

Being restricted to aqain dial settinas of 6 to ll 
inclusive, it was necesa:ry to decreése the megnitude of 
the galvanometer inputs by some other method when necessary 
to get on-scale reedings. To accomplish this a resistance 
decece box was connected in series with the sine weve gen- 
erator input to the galvenemeter. Since the gélvenometer 
multiplies the amplified detector output anc the sine weve 
generator input together, sa reduction in the sine weve 
generetor input reduces the galvanometer sensitivity for 
a given cetector output. Thus, the decade box functioned 
aé an additions] sensitivity contrel. The émecunt of re- 
sistance to use in 2a series of runs was usvelly established 
by making a preliminary meesurement run to determine the | 
magnitude of the signals to he exnectec. This was done 
because {t was highly cesirable to meke both the meesure- 
ment run and the calibretion run et the same gain dial 
setting and thus evoic unduly complicated methods of data 


recuction, 
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The megnituce of the signe] genereted in the 
Getector unit is a function ef the velocity of the 
moveable coil ene its flux linkecges. The amount of 
flux linksge wes controlled by the current in the 
fixed coil (E of Fig. %). Any fluctuations in this 
current would cawse véeriations in the sensitivity of 
the detector system. Originaliy 2 1.5 volt d@rv cell 
bettery wes usec to energize this coil and was found 
to be unsatisfactory becaviee its terminal voltage 
could not be maintained constant. To maintain the 
current in the fixed coil constznt a lead acid storace 
battery was used. A variable resistor and ammeter were 
placed between the battery enc the coil so that @ con- 
stant current could be insured. An sutomobile battery 
charger was usec to keen the storage battery in & con- 
Stant state of charge. 

During the eerly calibration runs @ qreat deal of 
trouble was experiencec with the reoroducibility of déta. 
The reesons for such difficulties were two-fold in thet 
they erose from both instrumentation and mechenical sources. 
Durina the original calibration runt the oalvanometer zero 
setting was arbitrerily chosen to facilitate sccuiring 
on—-scale readings. It was discovered that the respense 
eof the galvenometer to a signal of fixed magnitude end 
frequency was a function of the zero setting. In other 


words, the gelvanometer «as found to be non-linear. 
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After this discovery the same zero cetting wes veed 
throughout the investigation and carefully checked at 
frequent intervals, 

As previously mentioned, the bossing system 
epereted in most conditions just off the resonant neak 
to give increased sensitivity. Puring the creliminary 
calibration runs the propeller shaft aoeed was checked 
at frequent intervals and corrected occesionally to the 
desired valve. ‘Subsequent measvrements revealed thet the 
response of the system wes extremely critical with re- 
Spect to propeller shaft epeed ane that the speed was not 
held constant enough by freauent manual edjustments. The 
tuning fork speed contrel circvit es deseribec in Section 
Il was then edontec. The tuning fork held the speed 
within apnroximsetely 1 RPM. 

The first ceterminations of the phase angle vy 
relating the propeller blade position anc the occurrence 
of the measured vibratory force revealed another instru- 
mentation problem. It was possible to celiculate two 
valves of y depend ine upon which phese of the sine wave 
generator tppeared first in the time domain of the 
measurement system. By vsing 6 once ner revolution 
contact meker and the cathode ray oscilloscone, it was 
established thet the arbitrarily designated A reading 


ereceded 8B reading in the measurement system used, This 
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fact contrels the definitions of By end 8. end the make- 
up of the phase angle ceterminaticon method emoloyed. 
Altheuvgh a small sroblem, it is representetive of the 
omnes which lead to time delays in discovery and ¢correcticn. 
At the same time instrumentetion troubles were 
being corrected and mocified, the problems concerning 
the mechenical espects of the bessing system were dis- 
covered, Preliminary calibration runs cuickly showed 
the calibrator mechanism as originally designed end criven 
had to be modified to @liminete torsions] vibrations. 
These torsional vibrations affected the calibration method 
in severel ways. ‘Since the sine wave generator wes driven 
by the celibrator shait, the tcrsionel oscillations ceused 
en unsteedy sine wave generator output. Thus the sine 
wave generetor input to the galvanometer wes unsteady 
causing the galvenometer reecings to oscillate. In ed- 
dition, torsional vibration of the calibrator cam shaft 
aroeduced a vibratory force whose frequency dic not 
corfespond to thet of the hycrodynemically induced force, 
and therefore oould not be used for construction of a@ 
representative calibretion curve. The calibrator, when 
in position for 6 calibretion run, wes origiaaélly driven 
by e long flexible cable geared to the cynamoreter 
shaft at the thrust meter end. To recuce the torsional 


vibration to an acceptable level, the major portion of 
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the flexible cable was re:laced by « solic steel sheft. 
The shaft was mountec on 6 long 4" x 4" wooden beem and 
Supported by bronze bearings. Short pieces of flexible 
cable were used at each end of the selid shaft. Ficure 
XVI shows pert of the shaft and one of the short flexible 
cebles connected to the calibrater. It should be mentioned 
here that the three extra arms on the calibrator had ez 
negligible effect in reducing vibration end were removed 
during the initial phese of the investigation. 

f&ithough the tersicnal vibréticn was greatly re- 
duced by using the solid steel shaft, it still persisted. 
It was discovered that the elignment of the calibrator 
cem shaft and the sine wave generator shaft wee not true. 
The two shafts had been counled tagether with a solid 
steel coupling to prevent sliopage and to ereserve the 
phese angle reletionshins. To eliminate the elignment 
oroblem the sine wave generator wes moved to one side 
and identical gears were pinned to each sheft. This 
is the reason for the sine wave generetor geér drive. 

In one of the many attempts to obtsin reproducible 
Gata it was found thet the sensitivity of the measurement 
System veried with the exact location of the detector unit. 
This wes caused by rubbing of the moveable coil on the 
inside of the @etector case. As seen in Fig. X the 


clearance between the moveable coil and the s4ide 15 €x- 
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tremely small. Therefore, wnless the vertical red cen- 
necting the horizental erm to the moveable coil of the 
detector wes correctly aligned, rubbing occurred and 
consequently gre#tly varying cetector sensitivities re- 
sulted. To eliminate this variable the correct position 
of the detecter unit was found and carefully merkecd to 
insure @ reproducible location end thus @ constant 
femeitivity. In additien the detector casing was re- 
machined to a larger internal diameter to provide greater 
clearance around the movesble coil. The fins] remedial 
meesures taken in obtaining reoroducible deta focused 
themselves about the wire used hetween the calibréetor 
lever arm ond the hossing during the calibration runs. 
The wire which was originally selected for this function 
wes black iron wire, of 1/3< inch dlameter. In selecting 
this wire, calculations were made to determine the in- 
fluence of the weight of the wire on the soring constants 
of the springs used, anc, on the time lag between the time 
the cam reached the high point and the time the bossing 
received the anplication of this maximum force. 23oth 

ef these effects were calculated to be negligible. 
Initially, the force applied to the bossing by ¢ perti- 
cular sorving was determined by measuring the elongation 
of the spring alone es a function of the required 


elongation force, These measurements were mace for @ach 
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spring individualiy. It had been calculated thst the 
spring constant of the wire was infinite compared to 
that of the soring end wes therefore neqligible. This 
methoc was found to be completely unsatisfactory. The 
first corrective step wat to replece the wire then in 
use with 0.016" diameter stecl eiano wire. The vee of 
oiono wire recvced the number of kinks and small bends 
which ordinéery wire inherently pessecses. In addition, 
it reducec the spring action of the wire on the pulley, 
usec to guide the wire te the bossing. This revlace- 
ment of the origins) wire with plens wire etili die 
not completely solve the problem of reproducible deta. 
The system used to cetermine the force applied to the 
bossing wes inacecuate. Using the initial system 
the elongetion of the wire wes estumed to be zers, 
and the displacement of the bessing end pulley wes 
assumed to be zero when the force was acpliec. The 
method finally adepted took these vaeriahles inte account 
by Getermining the force applied to the bossing with 
the bossing and c#librator system assembled end the 
wire-toring combinetion attached in the exact manner 
in which it was to be used for calibration. The method 
is: described in detail in the following section on 
force determination. 

Wiilth edepticn of the sileno wire for the wire- 


$pring combinetion enether sroblem wes inherited: 
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laters! vibration of the wire in the soan between the 
lever arm and the pulley. See Fig. XV. It was found 
that the amount of lateral vibraticn of the wire wes 

a function of the initial tension aeplied te the wire- 
Spring combination. The amount of lateral vibration 
effected the megnitude of the force applied te the 
bossing., By increasing the initial tension lateral 
vibrations were greatly reduced although not eliminated. 
Several attempts were mace te eliminate these vibrations 
by using different types of dampers. The dcéempers not 
only tendec to reduce the laterai vibration but also 

the longitudinal vibretion and consequently, the 
megnitude of the force applied to the bossing. The 
effect of the lateral vibration at higher initial ten-~ 
Sione was felt to be almost negligible when the precision 
af the overall assumptions were reconéidered. For this 
reason, rather then use some tyre of demper which would 
further complicate the calibration system, a small but 
constant error wes accented. 

With an operationally eccepteble system of measure- 
ment and calibration, there remained the problem of 
evaluating the effects of certain parameters on the 
calibration technique. ‘Several of these heve been 
mentioned in connection with the instrumentation and 
mechanical aspects of the initizl procedure. fhe one 


remaining parameter to be mentioned is thet of water 
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velocity. The célibration teehni.uve employed cssumed 
the effect of water velocity to be negligible on the 
response of the dSossing. It was found, however, thet 
the botsing wat sensitive to veriations in water 
velocity. The phenomenon is similar to thet of the 
self-excitation of sirolane wings commonly known as 

wing flutter. the frejuency of the vibretion was con- 
Stent but its smoplitude wes feund to increase with in- 
creésing weter velocity. A shift from the long nose 
plece to the short nose piece was accompanied by e 

Shift in the frecwvency of the self excited vibration. 
The frequency mes.surec caincided closely to the cal- 
culeted naturél frequency of the bossing system. This 
meant thet the water velocity would affect the response 
of the system to a given force and frecvency. Te reduce 
this effect to s negligible quantity it was decided to 
eccent a reduced sensitivity and operate awey from the 
natural frecvency of the bossing. Poor sexformance of 
the calibrator mechanism at propeller epeeds creater 
then 625 RPM placed an upper limit on the frecuency. 
(625 RPM corresponds to a calibrator soeed of 2500 PPM). 
The lower limit was established at approximately 330 RPM 
because of the amolifier characteristics. & propeiler 
Shaft specc of 548 RPM was therefore selectec as the 


basic speed at which @ large portion of tne investli- 
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gation wes concuctecd. At this propeller speec it was 


found thet the waster velocities required to cover the 
desired range of thrusts were sufficiently lov to heve 
@ negligible effect on the system resmoonse. A small 


error is introduced et the higher water velogities but 
these corresnoonc to negative thrust valves which were 
notof interest in this investigqeticn. 

From this it can be seen that many assumptions 
have been msde es to the maaqnituce ef vericus sources 
of error. Refinement of the instrumentetion, bossing 
system, calibration and measurement technicves could 
go on endlessly. As many refinements were mace es 
considered compatible with the time gllowee for the 
thesis. YWhether more refined rezsurements would hive 
been consistent with the basic essumotions vsed to 


mermit the investigetion is cuvestioneble. 
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2. Details of Force Ceterminations 





Ceterminetion of the magnitude af the hydre- 
dynamically incuced vibratory force, was accomplished 
by preparation of « series of calibration curves. The 
response of the system to a vibratory force was a 
function of the frecuency of the excitation force and the 
netural frecwency of the bossing system. The f recuency 
of the excitation force corresponds to four times the pro- 
peller sheft speed and, consequently, calibration was 
required for each speed used. The netural freauency of 
the bossing system was found to be a function of clear- 
ance and bossing length, i.e. which nose piece and specer 
ring combination wes in use. The term clearance refers 
to the distance between the propeller and bossing anc the | 
term length to the dimension parallel to the directisn of 
water flow. See Fig. XXVIII. The cleerence between the 
propeller and bossing wes varied by lengthening the 
cylindrical or hub section of the bessing. Lenathening 
wes accomplished by inserting bress spzcers at the after 
end cf the cast aluminum hub section. ‘Lee Fig. VI and 
Fig. XXVII. This sdditional weight altered the naturel 
frequency of the bossing and thus the neturel frequency 
of the entire bossina system comprising the bossing, 
hollow steel shaft, and horizontal arm. Addition of the 


brass spacers wes accompenied by relocation of the peint 
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Gf attachment of the bossing to the hollow steel shaft. 
4s a result the point of application of the alternating 
twisting moment was changed and this in turn chenged the 
angular displecement of the hollow steel shaft and heri- 
zontal arm for a given vibratory force. For this reason 
it was necessary to calibrate the system for each clear- 
encee investigated anc each length of bossing usec. The 
shift in naturel freauency of the bossing with a variation 
in length resulted from the fact that the inertia of the 
entrained water vcries es the squere of the bessing length. 
Calibration wes shetaphi shed by means of the cali- 
brator described in Section II. The appropriate nose 
plece and the pieno wire were fastened to the bossing be- 
fore it was placec in the test section. The bosting was 
placec at the desired locetion in the test section de- 
pendent upon the clearance uncer investigation. The sro- 
peller was not atteched to the propeller sheft curing 
the calibration runs because it wes necesséery to run the 
cynamometer shaft at the correct speed. This wes necessery 
since the calibrator shaft »as driven by the dynemometer. 
The pizgno wire was then run through @ pulley with friction- 
less beerings to the calibrator where it wes attechec to 
the lever arm by means of e small helical spring. An 
eseo>rtment of springs provided a good rence of spring 
constants. With the lever arm at the low paint of the 


tem the initial tension was set by putting the cesirec 
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weight on the weight nan end then ecjusting the length 
of the wire-spring combination until the lever erm just 
Lifted off the cam. This amounted to varying the initial 
elongetion of the spring. ‘See Fig. XX. The same initial 
tension or force was applied te each spring depending upon 
stiffness. Having adjusted the initial tension to the 
desired value, the cam wes rotated 180° to the high soint, 
Weights were then adcced to the weight pan until the lever 
erm just lifted off the cam. This additional weight was 
the force epplied to the bossing when corrected for the 
distance (d) between A end B in Fig. XX, the sngle between 
the weight pan string and the arm, and the actuel amoli- 
tuce measurec. Sere Fig. XXVIII. 

Although the same springs and same disemeter pizna 
wire were ysec repeatedly for the verious calibretion 
runs, the soring constant was cetermined incesencently 
for each run, 

Heving determined the magnitude of the welahts re- 
quired, the weights were removed from the weight pan and 
the weight oan string removed from the lever arm. The 
propeller shaft wes then run at the cesizrec RPM and the 
galvanometer readings, A reading anc B reacing, recorded. 
The above orocess was then repeeted for ¢ sufficient 
number of springs to determine 2 calibration curve of 


force vs. resultant galvenometer reading, " reading. 
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See sample celculations anc a tymicel céelib: ation 
curve. 

The next phase of the orscedure consisted of 
actual force measurements. Haeving sufficient date to 
plot a calibration curve the wire-spring combination 
wes removed from the bossing, the propeller keyed to 
the propeller shaft in the marked angular position 
(see details of phase angle determination), ena the 
calibrator relocated on the control panel. See Fig. XVI. 

The results of orevious investigations indicated 
that the magnitude of the bossing force was wainly a 
function of two variables: thrust and clearance. Con- 
sequently, for eéch set si conditions, meesurements 
were made for é@ wide renge of thrusts; from above the 
operating point to eonroximately zero. At the cesired 
values of thrust the galvanometer resdings were recorded 
end reduced to the corresponding force by means of the 
célibration curves. 

Early calibration runs revealed thet the maximum 
force which could be eppliec to bessing by the celibrater 
wes Spproximately 1.1 lbs. (See Liscussions of Results). 
Because the magnitudes of the forces were well ébove 
l,l lbs. for 1* cleerences with the short bossing, and 
the calibretion curves showed the system to be non-linear, 


it was necessery in this case to vse e different cali- 
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bration technicuve. From this it shovule not be concluded 
that the bossing system was non-linear, but rether the 
measurement syster; in particular the galvanometer or 
amolifier. For this reason the magnitude of the force 
could not be determined by linear extrapolation of the 
1" calibration curve. 

A calibration curve was made in the usual manner 
with the calibrator tor an amplifier gain setting of 16. 
The measurements were meade with en amplifier o#in sett- 
ing of 6. In addition to taking the calibretion cata 
with a gain setting of 10, data was recorded for gain 
settings from 6 to ll inclusive. Lines of constent 
force were then cletted on semi-~leaq pepper with an 
ordinate of resultent galvenometer rescing and en abscissa 
ef gain setting. From this, lines of conatant resultant 
reading were plotted using an ordinate of force end an 
abscisse of gain setting. The everage slope of the con- 
stant resultant gelvanometer reedinges was measurec. The 
relationshio to determine the magnitude of the force 
at other gain settings was fsund to be fF = Fé HCD =D) 
where dD, and D are the amplifier gain settings, anc pu is 
the slope. (For the 1" clesrence runs P= Fio® By 
In other words, with the resultant galvanometer resdings 
from the actual measurement rung, the force, Fi,, 1s 


cetermined from the, calibration curve. But the resuiltent 
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readings were taken with 4 gein setting of 6, therefore, 
it is necessary to run along a constant resultant read- 
ing line to a gain setting of 6 enc reed the force Fee 
The cata for a clearance of 1" with the short bossing 
wes the only Gata reduced in this manner. The magnituce 
of the forces for the other runs with the short bessing 
could be determined cirectiy from @ calibration curve. 

The methed employed to determine the megnitude 
of the forces when the long bossing was employed dif- 
fered from that described ebove. These forces were much 
greater than had been anticipsted inasmuch a9 it was 
originally considered thet the bossing with the short 
nose piece attached was "very long® in comparison with 
the propeller diameter, chord lengths, etc. Consecuently, 
the calibration runs were mace in & manner similar to 
these used with the short nose plece at clearences grest- 
er than 1", For most clearances the forces measurec were 
larger then 1.1] lbs. and therefore too ilerge to be teken 
directly from the calibration curves, Linear extrapolation 
nee therefore employed to reduce this cata. The method is 


described in deteil in the section on Samole Calculetions. 
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3. Details of Phese Angle Determination 


Phase angle determinatton involved the eval wation 
of four phase angles anc the relationshio between these 
angleé. In this calculation ell the phase angles ere 
referred to the incicator care which 1s attachec to the 
flywheel of the calibratar methenism and rotetes at 
four times oropeller shaft speed. The four angles are 


Gefined es follows: 
RB 


+ rag, | 
3, = ten aes (Lubscript one refers 
reg, to calibration ane 
two to meesurement.) 
_ rq, 
by © ten)-8 
. And 
Go 4 


a = the phase engle between the time the genereting line 
of an arbitrarily selected propeller blace coincides with 
trailing edge of the bossing and the time the calibreter 
C#m applies the maximum positive farce to the boseing 


Guring calibration. 


y = the phase angle between the time the generating line 
of the arbitrerily selected propeller blecde coincides 
with the trailing edge of the bossing and the cccurrence 
af the measured hydrodynamicelly incuced force normel to 
the bossing. A positive force acts in the seme direction 
es the maximum calibrator force; i.e. in the same di- 


rection as the calibrator wire pulls on the bessing. 
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X = the ohase angle between the time of occurrence of 
the measured signel to the galvanometer anc the spplied 
bessing force; either calibrator or meesured, since this 


engle wes sessumec to be constant. 


& = the phase angle between the time of occurrence of 
the A reading te the galvsenometer anc the time the cali- 
brator cam applies the maximum positive force to the 
bossing. 

The indcicetor card was atteched to the calibretor 
flywheel so that a zero reeding corresponded to the high 
point of the cam, or application of the maximum positive 
calibrator force. The time celey between extension of 
the spring and apolication af the force at the bossing 
wes Calculated to be negligible. 

For convenience in the determination of 3) and 


B, the following sign convention wes adopted: 


A_reeding B reading Anglia 
+ + G ~ 90* 
“ + 90 ~- 186° 
- “- 180 ~ £70° 
+ ~ 270 - 360° 


From Fig. XXXI the following relationshis can 


pe determined; 
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Figure 0X 


270° 







- Signal to galvanometer 
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—_.0° indicator cards; TDC of 
cam and time of appli- 
cation of calibration 
force on bossing 





90° 


PHASE DIAGRAM FOR CALIBRATION RUNS 
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PHASE DIAGRAM FOR MEASUREMENT RUNS 
( with negative readings ) 
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Figure XxXxI 
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y = 180 + a (3, + & 
or with tne sign conventisn 
Y= 3, - (4, + 4). 

Since the above relationshio hes been referred to the in-~ 
cicater card which rotetes at fuur times eroveller speed, 
y has to be divided by four to determine the relstionshin 
between force, propeller blace sositicn and bossing, The 
engle is determined when the generating line of tne pro- 
peller blade is in line with the trailing edge of the 
bossing., Therefore, on the phase diagrenm the bossing 
corressonds to the blade position. The force can be 
thought of af a rotating force vector rotating at four 
times shaft speed or at calibrator speed, The horizontal 
component of the force vector is the force epplied to the 
bosging. For the case illustrated the measured force lags 
the propeller blade position by y®. Since the force 
measured is in the negative sense, the positive force will 
eed the sropeller blade by eae ee when referred to 
the propeller blade and bossing this means thet the 
positive force occurs before the nroneller blade reaches 
the cosition where the generating line enc the treiling 
edge of the bossing cointice. 

The method of measurement employed assumec the 
phese angle ~ to be constant. 8 , the angle between 


phase A of the sine wave generator and the high point 
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of the cam wat also constant since the sine wave gen- 
erator and cum sheft were geared together, Consexnvently, 
By was theoretically a constant a8 long as the sine wave 
generator ond cam shaft were not displaced angularly by 
uncoupling. The calibrator being a packaged unit oer- 
mitted movement from the propeller tunnel hatch where it 
was wsed for calibration, tc 4 new location during the 
measurement runs. For eropeller shaft speeds of 548 RDM 
which corresponds to 36,5 cps, it was found that the 
angle >» wes é function of the amplifier gain. 46 a 
result the angle 3, had to be es «= function of qein 
setting. The galvanometer reads EL cos 3, of 

EI cos (8 + 2/2) denendent upon which sine wave gen- 
erator ovtout is usec in conjunction with the amplified 
signal frem the detector. A switch permitted rapid 
switching of the sine wave generatar input to the gal- 
vanometer from phase A to phase 8B. The A reading corres 
pends to the galvanometer reacing with phase A of the sine 
wave generétor a$ an input to the galvanometer; & measure 
ef EI cos (3,)> The B reading carresponds to the gel- 
vanometer reading with mhese B as the inputs & measure 

of EI sin §8,. Therefore, the signal to the gaivanometer 


or resultant reacing is: 
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ta) 


x 
P &. 
(A, eg) , (By gg) 
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Resultant rdq 


iH 


»} “ = > 
(EI)“ cos“s, + (£I)* sin“a, 





- x fT 
° rdg ~1 Brg 
ten ay = xo or 34 = tan z~=* 
rdg rag 


The resultéent readings end 8, were easily determined for 
each calibration run. In a similar menner for each 
messurement run, a resultant reading could be computed 
together with Bas 

The phase angle, 2, @€& previscusly defined was de- 
termined by means of the indicator card anc two strobe 
lights. The generating line of an arbitrarily selected 
propeller blade was marked on the blade at the tin. The 
propeller was then placed on the propeller shaft in the 
test section of the tunnel anc the propeller anc shett 
merked so that the propeller was alweys returned to the 
same angular location on the shaft after each removal. 
The marked propeller blade was then alignec with the 
treiling edge cf the bossing anc the propeller shaft 
marked so that the mark coincided with the cross hairs 
of @ small telescope mounted Outside the test chambe 


window, See Fig. XVII. By means of the shaser for 
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timing of the strobe-lights, the strobe lights could 
be phesed so that tney "stopped"” the propeller shaft 
when the scribe mark lined uo with the cross heirs in 
the telescone (blade in line with bossing). A second 
strobe light, firec simultaneously with the firet, wes 
usec to read the indicator card. The phese angle, =, 
wes read directly from the card since O° corresvonded 
to the high point of the cam. Using the relationship 
Ay = 3, - (3, + a) and the sign convention for deter- 
minetion of the civadrent Sy end es the ohese angle 


between force end blade position was determined, 
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APPENDIX B 


SAMPLE CALCULATIONS 

As Giscucsed in Section Ili, anelysis of the major 
pertion of the deta recorded involved three basic divisions: 
(1) calibretion, (2) measurement, and (3) phase engle de- 
termination. To illustrate the calculations sequence, 


each step will ve taken individvaliy, using erbitrary datas 


A. Calibrations 





Lata recorded: 


tpring No. i 
Initial Tensions & iba., ll of. 
Weight: 3 lbs., 100 @ms. 
RPM: SLE 
Gein Settings 6 
Rasistance? 100° ohms 
-),8@ 
‘vecdina 1.38 
© pending <a 


To obtain the force applied te the bossing by the 
wire-spring combination, the weight adced to the weight 
pan is converted by a ratio of lever arms anc the cosine 
of the angle of attachment of the weight sen string to 


the lever arm: 
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Force per one-helf revolution ' 
ef the cam we 22S lag EEL ESSt ees 83%23! 


i 


1.596 lbs, 


This valve represents the total chenge in force on the 
bossing while the cam travels through twice the amolitude. 


The excitation torce, then, is just helf of this values 
Force = 6,798 lbs, 


Since the galvanometer deflection readings recorded 
represent two perpendicular vectors, the resuitent de- 


flection: 


Rrdg 


With these two calculated velues, a ccint on the caeli- 
bration curve is determined for this set of cata. 
For use in the phase determinétion, 2,, must be 


determined. By cefinitien: 


*s 


i 
a) 
tt 
= 

a 

RB 


= 46.8? + 186° 


IOS 


= ~- od 
eam as 
— s 9 


em — 

















eErVsoves Vist-one ten 
renege ans :280 O84 sedt fo . a son vee 


oo. « Ss -£ ~ 


adi Qe. = 
att cq evi0) AL ogamdo Lered ait aJoeeeiqgs sulav 4347 
ony jJ4mA, OA? Bpbwd dquona? siotery mes, nf. 93100, pecaneg 
HEV e207 Do Deed feat 44 aad .eomeh pelsedtone, WAT 
wad) BAKO F00707 oti meme 
bousber vehJviut RUEFSALIAG sazbeeniDiy var ah 
1A cir Si Aart ede aha Ab’ 48 
oitpeamice replgegal 
: ¢ oe on 
hi 
ee | Saad) + + 


« ~ 
om < we 


“itsy tageliiaes pilin qtteballoe wb cekith 
— # step to tye #43 Eel Oxgimmesen el Ay ded 
READ agP PTA SORRERE AR FOREN, PEE 04.8% PED lh 
oS ¢ee onl om fee wre w+ sabe ini tes yO. reve . 
oe Siac N- Sethi = 
ae 


won + wusan » Bese nee © =e 


1 Bony . 


‘aban i 





—& = i 























As discussed in Section IIL, the angle is cetermined to be 


between 180° and 270° by the gian convention edconted, 


B. Measurement Run 


Date Fecordec: 


Thrust, uncorr. : 26.4 lbs. 
Thrust correction: +0.7 lbs. 
Press.column, Hiya? 134 min. 


RPM ¢ 648 

Gain Setting: 6 
Resistance: $000 ohms 
Ar eading® dias 
Beading’ +i 9k 

a 3e7 
Temperéturee BO°F. 


From this data we must determine the vélues of thrust, J, 


(advance coefficient) force on the bossing, and 3... 
Thrust, corrected = £6.4 + 0.7 = 427.1 lbs. 


From propeller tunnel calibration data, the weter 


velocity in the test section, in feet per second, 


v= 0.41656] Hy x Cen. 


where H, is the measured height of the bromo- 
benzine column, in mm. 


> 


is a correction toe the column reed- 
ing to account for changes in 
atmospheric temoerature. For &0O°F., 
the value of Sein. is 0.985. 


and cemp. 


Thus ——___——_—_——— 
. v= 0.41656>| 184 x 9.985 


= 5,69 fps. 
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By @efinition, 
Jj = v/nad 
where n= rev. per sec, 
c¢ = diameter in feet, 


v = water velocity in ft/sec. 


J = 4.62 x sop 4 rr oe? = 9,622 


For the determination of the force, the resultent 


reeding 1s first determined es before, 


Zo, Z 22 
Rrdg (~0, 72) + (1.92) 


In the simplest case, the calibration curve for thie 
arrangement of parameters is now entered with this re- 
sultent deflection, and the corresponding force read 
Girectiy. This force, then, together with the corres- 
pending thrust, is plotted. 


_ As for the celibration c6ate, by definition, 


B.. 
8 . Pa tea _2cg 


rag 


= 0 Fa . oe 
= tan A ~7255 * 69.57 


In this particular instance, the sign convention determines 


that 8. has ea value between 90° and 180°. Thus, 


8, = 160 ~ 69.5 = 110.5°* 
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As previcusly discussed, the calibretion dete 
directly represents only forces between O anc 1.1 lbs. 
For some combinations of nose pieces and clearances, 
the actuéel measured force exceeds this range. In such 
cases two methods of extraepoléetian were employed. The 
first, and simplest, was employed exclusively in re- 
ducing the date taken with the long nose oiece. It con- 
Sists of merely cetermining the slove of the céelibration 
curve for the data taken, gnc thus obteining @ constant 
relationship between resultant deflection readinas and 
force apolied. This methed involves the éessummotion of 
lineer response of the bossing system toe the applied 
forces over the full range of forces experienced. In 


general, the relationship is 


. ot # + © 
Force K x rag 


| 


where K the pase intercept 
of the calibration 


curve, and 


= glope of the caili- 
protion curve, 


i 


The second method, based precisely on the data taken, 
was employed in the enalysis of e part of the short hoss- 
ing data. Use is made of varisble amplifier gein. A Ge- 
teiled description of this methoc may be founc in the 
section on Detailed Procedure. ‘See Section V for a dis- 


cussion of the two methods. 
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CC. Phase Determination. 


The method of phase determination is discussed in 


detail in Appendix A. For the example given above, 


3) = 226.8° 


B. = 110,5° 
4 = 327° 
360-2 = 33° 


In accordance with the development in Appendix A, 
Ay = 8, - (3, + 4) 
= 110.5 ~- (426.8 + $8) = ~149.3° 
Y = 37.3° 
where y is defined 2s the phese angle between the time 
the generating line of an arbitrarily selected porepeller blade 
coincides with the trailing edge of the bossing and the 


occurrence of the measured hydrodynamically incucec force 


normal te the bossing. 


~ 


~ (08 - 
































ere «= ew . _—_—) << - ssoldenimaated a Py 
e! LA = 


__ os <tee 14 «see eouee 5 
al Sseavep th at solventesares a +o Out bedtes vee a 


‘>. = ah th 


_sarede mreig wiceney WA 205 nse 





oa _eiiaes oes @ WO donmarion —« 
~~ OT VAN GAmeiees 89 Ob | POPP © 6 ¢« 
"82 /) |, tale ohm oe CFC) eee eee —-/ ee 
ee oe Cf i 


rraryrys 1} odd wile 3 


et OF et tee, er sag hi lee 14 eo 

~ we iteee, (he i Sad ua? *. .. 

ee ee | 

“l ee res eee cee 1) wane “EeRE Curvavy 9 7 

#51? oft nvewted elgns sacda wi? en) Wonltes ef ¥ 

@D4Ld \allecete bese lee fe oe Ve antl patter 
#8) bow erddsed dz to ¢be eniiiars dl Wied 
basbesen ade to ia 

ventaeed wit od inane 








' 2 
— ~_ — - ? 


~ A - 








« 














~ 





ws wie: 


~i\et Te Se ws * © 
“t —- # reece 


oe ow o¢ 7 ylewenten Gomer, 8 Oey Omer ot 
seme ponds, cod = 980G ¢ See? ey 6) SOTA 
ee et Pk “a ne 
Qckiaibiee eee id 
—~— + =o a oF EE Carmies @ 











Originel Date and Calculations 
















lite \« ©& 





\Oveu eal ' = i/¢ =a eo Ot we ete FF baat ll 


7. i ahem e hl a : 
4 « I. - |. eameleead ok 


- &¢ é 
et 


ieee « Poem elie om be ie 
ee a 
10, PH’ - wt YY & Ae ‘oe Wee 

: decisetee ied hee see Tantgaic 
et) Bal Gee ds cdbee wee 0) be cere ISD o 
tee ee ed ee Le 
Sa) GaN Wide a ie ehh pobliegs) ode dle 
Pr ORAS Udder ts Neevte oft ie 
7 tee 





-~—_— «¢ - -« |) afr _ a 
—— 24 ay? 2 - "— a 


@e ——=> eile * oes - ——_ =oG 





29° 
FL°? 
ey? 


04° T 





Da 


{(panutTzuc 


6 


a 


6 
oH OE OFY 


9 


SEAN BAAN GO ODS 
Pay 
> ot rod 


SOM 
® 


O6°T 
ae | 
eT 


$6°O 
$4 °C 
29°O 
Bre 


To°s 
B1T°2 


L9°*T 


OZ T 
O0°T 





Iba a 


>) 








ge °T 
—_  t 
Ee” © 
G4 °C 
G%°C 

5°O 


oS °O 
TL*°O 
T9°SG 
25°O 
T7°O 
Be °O 


09°T 
Gre t 
$0°T 
ee°O 
$9°C 
$$ °C 


e 


ps ¥ 





oO 
am} mt 


oe Be | 


VEOROH OFWFOH WE 


OUTZIaS ute 
TTP TSuy 
°S*9 





90° T S271 + O°7 
6f9°C OY + 6°2 
OT°T 00% + 7 
saT SUD + SGT 





a M 





T - & d 

7~- ¥% x 
] 
9 
& 
} 

Ti- € N 

2 + SQT Uozze 

-u67seg 1334a7 





“TT UyIds 





PTQeFleA suyazes upeg TezsT{cdwy 


87S = Wd 


aT oo9uUezreaety 





suyoO OGOT esuNezysTsey 
VIOUS %899TE asen 








6 


a 
FY? Ve Ye be tem fae 


3 @€aeFart 


* 


D>" w-3 
Pea ob-4 
yo bs er OO 


8 


I> 


+ 


9 ® 2 e a 


* * 2 @ 


S22830 PoesRe | 
=e OC Po ee Ve me te 


| neetineteeened a i) 


{tressctl mere } 


O23 _A 


+ 


ee 0 
2d.0 
58.0 
e0.! 


Oe. { 





&h2 © MOA 
aldsiqeV spnizje2 atadD t0eltilemA 


pos 4 








3 
st 
8 
° 
OL 
if 
9 
s 
- 


mm OD 
> 


ehi + Gs 


~O) 83a 


a ad 














cece denen 


- OV\'\- 





pi 


STQ2TICA 





pi 











pi ¥ 


sGuyyyss uTeD Taps yicuy 
87S = WdY 





“—_ ! 






gr ee ne I A ATT I IRL RL LOI CAILLOU EE RE RRR RIE TRAIT NE ee 





O£°Z 66°27 $O°T TT 

914,°T LS*T OS °C OT 

LY*T &%*T 04°C b 

ET°T Z0°T 09°O 8 

LB°O $4°C G7°O L 

LL°O 69°C T7°S 9 79°O os +52 TT ~- S°T H 
99°2 oy°z S1°T it 

60°? OZ°T O6°s OF 

79°1 97° 9L°S 6 

Te °T ST°T 29°C ) 

C6°O 08°O LY? lL 

O8°C 69°C ov°G 9 ZB°O OvT + € ~~ -F A 
39°T 6S° 59°O tT 

“u*T @T°T ¥S°S OT 

LO°T L6°O 67°O 6 

93°O 84°C 9E°O 3 

69° 85°C o€ °C L 

4% °O 65 °O B2°O 9 05°O OS +2 7a - W 

(+) (+) Butj}a> UT eo) $Qt SIS + S$qi ZO 4+ SGT uUOTIe 
LIT] TTouy -ubTS3°j 193397 


d ” se ' upyiGc: 





SMyO OCOT s80ueTstTsay 
RZIOUS 1999Td asGN 


ul g@oduvgzTeaTD 


“ON UA WOTTeTqTTeD 


(panuyqyos) 


avi 





So 





2h 
7a. 
oe 
ée 
ae 
$0 
4 
x 


‘e 
ro 
es * « 
he 


So a 


Yur So i 


=: 


ot as wae —- vo4t Poste 





eo 


— mr ets 


Oi - @.f 











°g J% 0423095 . 
UTe@) Lets }[atiy we roj st ‘¢ te;0N x 





























B°LS 94.° T LS°T OB °O 79°O Of + G°2 7 - #7 H 
0°OS Gor” 64° T O6°G [H°O O7T + O°E w?- 7 A 
7°85 99° 63 °O 92°O gz°O Of + O°T 7 - 6° e) 
6°19 5 eal | 6T°T 7S°O 05°C OB + O°2 m- a 
9°T9 o4°% S7°2 at°T 90° T S2T + O°F 7 - € d 
9°Ss e9o°T LY? Th°S 79°O OF + 5° Ww - 9 x 
2° 19 OB ° 2 T9°2 $2°T OT°T O02 + O°F | ee A 
T°4S g27°2 GO° 2 GO°T 72°C Q4T + O°€ > a | si 
$°LS O€ °T ST°T 2gO°o 97°O O9T + $°T , a * Zz 
7°OS T4°O 65 °O bE °O 6T°O OTT + $°OG 7 ~ @ IT 
op °3 + °SQT ZO + SQT UOPPE 
~uS 1s8g 1393397 
Te 6p Gp1 g 6px ¥ F 1 ‘aT 6uyIds 
Ol %6ut332e9 UTeD Tats Tay uJ eduereaT) guyuc OOOT :020ueq,STsay 
S7S tWdu YZOUG 899aTG asoKN 





2 ON uUNy UcTyeLqT Tes 


Il Wisv1 


Ve - 





Olu 





Ce tt 


vie wt 








Al - 2.4 


7 ret ef * tow © 
ma egy te r 

















— [7a 


6°e7T O°OsZ O2°T S¥°T- G2"O+BTIO"T T's 6°9 6°¢ 
V°OsT G°6L2 92°T e*;- oe O9°3 Tt =8°Ct 
7°27T $°%LZ Of °T 6Z°T- OF°O+ 268°O ft0°e 6°ST 6°47 
4° FET S°OL2 O7°T $E°T7 cain: eel CE°L 7% its 
6°" ET 4, 2 89% 9477 OS*T- $0°O- 494°C 06°9 G°*¥2 ¢°Or 
9°2CT OL°FOZ L9°T O9°T- ST°O- ZE9°G) =ETY E°TS Cte 
¥°LZT 2 S°29€ 66°T G6°I- GZ°O- T6S°O 2E°S E°LE €°6E 
6°S21 9°O92 «92°? ST°Z- S€°O- Ge7v’c 8 LY°7 L°€? i°s7 
¥°LZT G°SSe 09°2 S S¥°2- OS°0- BO07°O B9°e 9°67 9°TS 
9° =T gz Le hoz Yor' 6° S$8°Z7- G$9°O- LOZ°O 89°2 e°7S 9°99 
1*te 4 L°S2t OL bz Q@°-uGz 97°C ZLez°t ZE°E Sz°e- O4°O- ZOT°O 97°T | «6€T) | OOTT9 «(O° E9 
1€ 721 Zh Bez B°SGz $9°€ OSE°T 25°C G Q 0°29 O°79 


O7°€- 06°0+ © 








o{— ep Bap bep Bbep bap “sq 
™ oe “""= ‘eg “sg 2 
smyo GCOT ° 29U2zSTSOY T e2uerlsaq{5 “SQT O°2%~ sSUCTzRDIATIOD YSATY] 
9 sbuyazas ute Tat T[Cwy 3TOYS 3 @IITY ason 
eys : Wad ; ; "deid %@INQeTacHe] Iaz2% 








_. ieee 








mgt et + 


“= ; arr 


“(1 gob pall pel oak SE. adc etl— 





















ff f.p6l SY BER 0.0 G8L.I 

oe ore |W. ante See a 

ve ales ov i ) po. el. Cr ant Bie tesco Be oy < YY 
C.1f b/Pl srormee be- — o8.© Ch.@+ O2.0- BOA. 8d. CF APR 8. G2 
L.G€ 2,851 eT ves 8.5 Rlab- CED CO TAR TLE Tey TAR 
v.it §,ver or pas om eb. fer ‘ee. OP.J- Mh.0- 1.0 §E.2 aes oy £9 
Le eMtet ce vie 3 tae Pd.1° 1-0 “B.i 0d.7- gilp- cka.c “EFA ONE fn e.ee 
$-Cf Wawel 2h Rs , GRRE 88.1 eee. UES! OnVE- AOms var.o Lite.’ bre 2ck6 2.05 
deat VES OP Ss | 8.075 Q-2 he .0 tet Ch at- 20.0+ al8.0 ,fe-F alt Ee L.te 
o.0c f.ci8 tr Yes | £.gv5 Mls GA.O O8F.t U5,1-OF.0+ 598.0 €0O.8 TE #84 @.0u 
OL BORE ore eps | eles as. 6 ds.0 Hell onl¥- delet asec ‘ots eta guilt sei 
SFE 24851 Ghogiee Le 






Sere erent 





en 





OMS OF.1 Che.0 BL B16k- OSeT+ 10.1  BL.O 








a . “<< maf 


<a — _ = a ——: —m— - EE a —_ — 


sien were lt ae a _ * 
om le aaa 


9.85 ©.8 





—SESEs.6h[U 


i 





oc °c9 = |g eberany 














O°ES cé°O 23 °S z¥°O 
L°e9 06°C 13 °O oF °O L7°G) 6 @E e°T it - <«€ Yt 
G°79 T6°O 28°O o7°o 
0°79 68°O O8°O 6£°O 97°O a2 O°T TT -€ 9 
0°S9 bali 09°T 6L°O 
1°99 ¥L°T O9°T 69°O TS°O 3s g°7 27 - ¥ W 
G° 29 {Bl 09° T G8°O 
8°79 O8°T 09°T 72°O BY¥°O O61 + S°T 1 - ¥ X 
G°29 66°T Si.°T £6°O 
#° 29 To°? 64°T 26°C €6°O Os @°*2z ti - ¥ cS 
E°e Wee? 60°? 60Q°T 
O°€9 BC °2 7o°? ¥O°T 99°00 Os 5 °*2 "m - TF Sy 
o°S 69°T ES°T t4°a 
0°S Th °T SS °T ZL.°Q GS5°O §6@ z 71- ¥ T br 
5°C9 va°¢ OL°? $¢°T =a 
x°79 60°C O° 2 S€°T 73°C O4T+€ Iti - ¥ | 
9°29 6L°2 B7°z Bz°T 
8°T9 96°2 2$°2 Se °T Li. * ® O7 € ti ~ A 
G° 7g co’? 6S °€ 6e°T 
e°Tt9 Te°e 67° 6g°l s0°T 22 ¥ 1-7 N 
O° 29 60°% 8S °E 06°T 
6°29 oo’ $$ °C 63°T @g°OQ Gor + $°E 1% - 9 re 
"SGT 3 “—e = q Uctqze 
-uS tsa] 1233e7 
Tg bor Box g bya y J ‘A “3° buyids 
OT %'6uUT33285 uted Tet y{euy aZ/T-T @3uerea{yD suYyO OCOOT  %teouezp,sTsay 
Q7S SW TOUS sadeTd ason 











‘ne. +7,’ = 








2.38) on.k J '_(! = — « * 
> S.ie see 0 Qh “tn ao Peer o 

Sak ees oy io eee i ee, oe 
? ce | RO. e - »,& of - y 


| 
~. 
RNA 


= 
® 
a 
J 


.6 © +6 “+714 2) Pa 





o.22 Pout - vT- i a OFS - 4 stan. Oo 
ae ara 23.8 oy + 2 a, ~ a ’ — ‘We a 7 
ae RS Mess Mes 1. > 
e.6a ee.t ' 7. = im fae Fat 
£33 Bivd OF weet ashe age tae 
¢.s = — a 
Tad "i i2.6 G «+ ok if -% u 

0,2 vy of 

0.420 ea 0 ao Ga + Of {i-£ > 

O40 {Ff .90 

0.4% 3F 5 








par emp ep tn ate EGP ME OE Gt SOP EE EAL SALI CT LING POG ILI * TOOL TTS LT IDET ETO TTI LCE ELIE DELICE ELI TIO ILE LECT 





T°Ce O9°7ET S99 8 $62 6°*097 SOb°R €5°% OS*2- Oro CO6°O PI'S tet 22 oF 

¥°2O 6«G°6ZT | O90 GG @°LGZ OCL°O0 29°2 G$G°2- SS°O- GLB°O G6°L S9E S°*T S°9 
1°2€ 2°s2zT So 862 $°96% OVL°O L9°% O9°2- 29°O- B7B°O @9°L OFE C°L £€°6 
9°1e S°92T $9 S62 8°¥SZ O6GL°O 96°22 GL°Z- GL°O- StB°O EC°42 ETE OH GIT 
¥°TE F°SZT $9 $62 L°€$2 GeL°O 98B8°2 GL°Z- CBe’O- VOL°O 96°. Ch2 FIT 9°CT 
i°te F°72Zt $9 8 G62 L°2ZS2 O78°O 66°2 G$8°Z- 68°G- TT9HL°O SB°9 VLE O°ET OST 
e°oe T°EZ7T $9 $62 L°TS2 Q68°O TT°€ S6°Z- B6°O- LEL°O £9°9 VE O°FT 9°9T 
gece F°ezt $9 Sé2 o L°TS2 O68°O TI°E G6°Z- B6°O- TIL°O O7°9 6€2 O°9T 0°81 
S°OE €°f2T $9 $62 -  «s«* SZ SBB*O «V2°E «LOE AOTI~ BL9TO OT*9 LIZ FBT F°Or 
G°Of O°22T $9 $62 " €°062 @€6°O 27°C eek STI*I- EVO B9°S GET 9°TZ 9°E2Z 
7°GE 6°T27T $9 Sb2 Z°0S2 S¥@°O 6F*E Br°E- GT°T- SO9°O S7°S ChT 2°EZ W'Se 
6°OE S°ezt 2 262 a°s¥> $26°0 ¥O°E OF°f- ZE*I~ O4S°O ET°S FST E€°S2 f°L2 
6°62 S°6TT $9 $62 S°L¥2 90°T Ye°e GSO°E- GS"°I- BIS°O 99°7 AZT C°Ge C°TE 
4,°@t 6°21 G9 006 2°9o7%2 «6 e2T°T «(Ooty «6SE*E- «6OL°T- )«69EY°O 626°C: 6 6COGCO ECE 
9°OE 2°72T O09 8 OGE o°9¥Z aT°T EYr°yY SeO°v- OB°I- YeErc ere OL O°6E O°T7 
€°T€ €°S2T 8S Zoe 9°O72 8 Of£°T €9°Y Sz°T- Se°t- YFSE°O BITe ES S°OF $°27 
S°OL €°€C2 6S Tor 9°S¥z 6 €E°T «6 VL°F «6% «= SB*I- «=6S67°0 «6C9°Z CTY CUTTY: «O° 97 
S*Te O'L2 LG €0€ c°nv2 =o TE*T «6B9°F «6 CY~ «6SB°I- 6TezZ°O «666° 6 6E2 | COSY «OOP TS 
09 p bap Dap D 3} D9) Dp $QT pu/A $Cjz3 Opi *SqT °sqT 
ae F 6b QOL Spr. Ty am d px, Set, =P c A Ty, 7209, Ops, 
Sswuco OCCT = VBIUSYUSTS IY az/I-T &5uUgTeaTD *sqT O*°2%~- sUuUcyZI9Ic’ ISNIyT 
OT %6uyz2eSg UFeD reT ZT [Suy yrOYsS = 22a asor 
ays 3 Wd “1094, eINpeLacwal i9qeK 





- //$- 


P.f «60.9ah” 
P.cr € cer 
£.4@ £€.881 
2.0 7 .wet 
Y.©€ ?.i8/ 
0 we 8, O12 
eo «¢ thd 
+. §.ial 
2.8 6.451 
8.00 £.€84 
2. ~4.tal 
S.0e  ,.fai 
LJt pds 
A.M §.t8L 
&.4¢ 2.052 
[42° «&.98D 
».8e 2.0eL 
L1.€€ @.f0£ 








coe S| 


ea" > 


b.cee | Red BO 
d.045 ERT pts 
aan -Of.1 ta 
0.028 
5 .age 
s.che 








eee 





-b- 
ee 
RO. be 
28.L- 
oc 
K-t- 
9.é- 
<s. Br 
T0.¢- 
¢0.2- 





ke 


* <0.2- 


ev .s- 


. 3 


8 ee ee eer en ee =e - Gas 
Or.,- 


a .1- 
ep .k- 
.1- 
08 .i~- 
oY ,i- 
02, i- 
sf .1~ 
ol.f- 
21.i- 


50 .t- 3 
‘be .0- 


ii- 
«O- 
i .0- 
eT .0- 
te.o- 


es 





at Se 





@ 


® 
ost 


Te ew St woe NS 
°o a & 9 
Cet AH HH TH 

aN A! FF 


* 
ae) 
ry 





t~— © BS — 
® r 6 e 
~ Ma wr 
2 fT! RN 
a a | 


i CO SP NG 
% e Pa) 

~ wz ws 

e ¥ i iM 
“A wd wt wed 


» 
rod 
‘NG 


e 
oom 
te 


9 

o> 

ad 
| 


i” Ee So 0 
a e 
CY sy 
Nw OY 
~d 


9 
OW 
ro 


79 


962 


9&2 
Foz 
98% 
962 
962 
L562 


L462 
6627 
662 
TOE 
TOE 


of °%9 


¥°S92 
1° ¥92 
a 97 


‘ 


wy 


aX 


t~ 
Aw O 


5 
55 
L°292 
C°1s2 
e°R7e 


” 
N 


9°S7z 
9°S72 
r°Lye 
B°Lvz 
S°LYVZ 
7° 6S2 
¥°L7z 
¥°2S2 


Og 


ioe 

eLS°C 
OT9°SO 
Ov79°C 
O89°O 
OTL °O 
044 °S 


9 


Og °C 
098 °O 
06% °O 
896°0 
946°O 
T50°T 
960°T 
L60°T 


$8°I- 
$6° I~ 
$0°2- 
Lt"e> 
4z°¢- 
ov 

05°¢> 
9°2~ 


sg°3- 
SO°E- 
GT°¢- 
°e 
05 °€~ 
$8° f= 
G6°E€- 
OT*?- 


St°0- 
on "e~ 
SE °0- 
$5°O- 
$9°C- 
64° 0" 
$8°0- 
66°C 


eT? 
O2°T- 
we” T- 
$7 °T- 
S7°T- 
”“? 
$9°T- 
Ot °T- 


r76°0 
968 °O 
O53 °O 
BEL°9 
L7L°C 
20L°O 
659°0 
163 °O0 


BOS °C 
GFT" O 
6LE°O 
FEE°O 
60E °C 
092°C 
ehLTt°o 
970°0O 


© 
WN 

r) 
ew 


Oo 
 ] 
7: 


Sw ON GH Ww 
“A eS NAN & © DO © 
7. = Ww ao ee 
WN 6 wo m D 


oH | 


pr 





7°O 
6°£ 
Teh 
a’ ta 
7° FT 
4° LT 
O° C2 
7 te 


“sat 





47 tox 
6*°S 
T°6 
O°ET 
7°9T 
L°Ot 
er ce 


7°92 


‘ T > Be | 2p. y A Tyg 2589, = 

saqo OCOT *— aIuezpsTs ay *SQT O° 7—-8UCTIWAIIOD YSINY] 
OY *butq2a5 upeo Asp zT pday ZI0US $8338TG ason 

B75 3 Wall “409, t@Injeredmej razZe4 





ee 





(peanut 7 uos) 











OLS £9°7 OY °F 27°71 
695 ©0°7 Og °e OF °T 
on Th a7 °> 4T°T 
Gt 60°? Té°T G3°O 
—! 36°71 GE °T 39°C 
967 Gf °T 6e°T 09°C 
GL" 622°T 80°F 89°C 
eo7 SL0°T S6°6 5°O 
S77 686°C 98 °O 67°C 
$77 YO6°C 6i,°C 77°C 
$3O $08 °C 04 °Q G7" 
THE 97L°O €9°o GE °O 
OLE $89°O 5°O Ge °O 699°O GL + $°2 Tl + $°% 5 
785 g0°7 Oo °E a 
GSS 05 °C Ze °° OTT 
O9S% ef °2 6T°2 O08 °O 
67S 62 °T $i°T 64°C 
96% T9°T 67° T9°O 
CTS 1F°T 66°T 25 °O 
287 2b °O GA°O L7°O 
Zg7 S78 °O eh °O o7°O 
9°77 989°C 65°O SE°O 
FOE BES°O 06°C T€°G G67 °C G + Q°7 Tl + $°% iv 

“bap i 0—ti‘a | *sqT $W6b 4+ *“SQT °*Z0 4+ *SQqTt *ubTsS3q 193397 

Wad TE Pr, VP. I pt 4 iA oe Me DUTIES 
. a q i 

OT :6ut33e5 ute Taetyy[owy uz souerTeaT[> SUYIQ OOOT %aoueqstsay 

eTqeysen ; Add ZIOCUS 8398TC a50X 





ee 





ee @ ee eee #£ & 


mm EAD © S 


oe sana iageend 29% 
i 


4 ati certes , SPEER 


HbR obbbs nb 
PASCEEESELECE ae eee babs 
% . s 






hae 
- 
Y @2>F 
~ 
— . 
’ 
he . « | 
. ‘ : os. 
—— eet sé 








Coe 
> = 


OL5 
695 
O75 
95 

B75 
Ley 
FL4 
857 
O17 
S07 
9b6E 
Zee 


Wd 


aTgerren : Wd FTOCUS 1999TC BSN 


epaynducs you be sagen « 





02 °% 63°7 06°T 
90°? 99°E ai°tT 
60°¢ $d,°2 t7°T 
BLS GY°2 Te °T 
gy °z OT°z ST°T 
hk 1 $4°T 68°C 
OS °T c*T 64°C 
ae) ST°T 99°S 
LEO°T 06°C TS °O 
TS6°C 7e°C TS°OQ 
26°O BL°O 67°C 
OS8°O m,°O S7°C BLL ° © 09 + O°£ Tl + $°% A 
# “bap ~ fat ee “$G7 “Sui 4 S°QT (“20 + “SaT "ub Ts8y 1943487 
qt, Pps, ppt opi, 4 ) sa DUTIES 


OT :Sutz.3as Ute Lats [ouy au? e2uer?aTs swmye OOCT %ta2ue 7 stsa4 





“On UA UOTPETATTeD 


(penuyzzUC) 





— Lt - 





jaautzucd 














7G5 06° GL°7% $£°2 
7S L7°7 GO°E GT °? 
ZES o9°¢C OT°E G2°T 
AS mc et 6g°2 e2,°T 
71S Gz°¢ 95 °2 £9°T 
206 29°2 G7°2 GE°T 
Og? O°? 6L°T OT°T 
TL7 be ° 7 Gi. °T yo°t 
€S7 eT 97° T 6é°C 
eey C$°T gz° 73° 
ety a Tit €4°C 
7oE¢ ae 00° T 69°C 
O8¢ i ae Té°G 29°C 
oe 620°T $8°O 65°O TZ0°T 0S + 0°7 Tl + O° e 
995 $0°S 01° Se°T 
63% 02° $e°C s9°T 
4G4% ee e°f aml 
vas 27°¢ TT°E T° 
725 £9°2 Ge°? 61°T 
STS oz CO%2 60°T 
¥as €G°2 64° 66°C 
Z67 73 °T 5 °T 68°S 
LLY T3*T O7°T 64°C 
B97 7S$°T veri 94° 0 
OS Sze°T cT°t 69°O 
OT? 290°T 16°C GS°O 
O6¢ Of6°C 64,°0 é7°O 
eg G06°O ZL°O G$°O 
BSE COs °O 99°0 67 °O 968°C O07 + O°¢ Tl + $°7 ‘4 
x °beD +) + "SQT Sub + “SQT “20 + *SQ]T “UbTSS] 193}87 
y 5 ‘ ane $ e e : Sta 
Wdd Tg PI ail pr 4 s i°T UFIES 
Cl :6utz2eS UT? Tats [sag uZ 899uUeT2aTD SWYO OOOT %'e2uezZs Tsay 
aTqetrea : Way RZTOUS 8999TYg B330RH 





- //% - 


} 
ox # 8s @ @ 















(hbo YE ¥5 Or WT 
| SERESRBSCEES ES 


? ASL} epTs 


l\Acsarbesscerre S htatv ae 


~~. -—- ea 5s o SVP & Dae @ a bes e « 
whMibbbbe LLnL elt nme : 







| SSRBRPASERES SG pre hep avete 338! : 


» © &@ 6¢« @ © © © @ @ © & @& 





RSASRSE SS & Seve Sones 





reais uc as 
’ i 
‘ ‘ ' ‘ , 


oa te 


- 
“paqynemes qou *f s3830N o 


_———— ln 


209 o7°7 go °% 69°C 
965 TH°z 63°? 04°C 9 
€B5 13°T $4.°7 4°C ~ 
735 T6°T 7a°] 65 °O 
OLS 4°T 2¥et x9°O 

99% mn OT°T 65°O 

675 $86°O 93°C 27°C 

61S 864°C 69°C 6f°O 

197 16° S7°O 6Zz°O 

Oc gt7°c 9£°O 62°O 

G6E CTV7°O ££°C Z°O 

6LE O9£ °S Of °C 602°0 S67°O 66 + O°T 11 + 0°% 1 





"SQ, sub + "SQT “2° + Sqt  “ubtsaq 1934397 
4 Ni “d°t DU FIGS 








suuc OCOT %a2ueqs {tse 
yous te3eTd aseon 


OT 26uta29S UTED TepFT Say 
atqeyren > well 





aS Sa rae 


+) Ue At) A ae? 2d eS 7 


feL.0 oe + 0.1 


- 
‘ 


) ee naa 


Doaon 


re EK RRR ROG | | 
PhEE KH KeOobes | 


eSesaees — 


s5o008o 


=) 














Li + Ow 








$A SS a es 





°$FSoyuz UT ST A BO WOTZRTAITO bo 
TO} wuctpesmrozuy Aresseosu pug UAT 403 .*7 = " t 


SuAI STU IG} pegnewes r0uU A 183 ON 














9°L2 525°C so°z S$6°C 28° GZG°T ¥z2°6 167 G°O C°s 

C’Lz $7S°C 60° G6°Q L$ ° 71 TTo°T OT°s aL7 9°1 T° 

0°92 CS5°O Ts C6°O ZO°T GL6°O 94°83 a7 oY S°TT 
§°S2 O45 °C eE°e $6°O 00°? S76°O 0S°¢ 4 t¥ 7°9 6°ET 
€°sz 089°C 9° 2 96°S 7O°2 OT6°0O 61°3 ORE z°2 *S$T 
d,° 22 $09°G 6E °2 26°O Oz °> 298 °O GL ok LYE B°1l €°6l 
7°1z 029°C 67°? 62 °C 62°2 O7B°O OF °L Ste e°7T e°2z 
0°O7 079°C LG°2 B3°O t¥°z LL °C 66°9 BLE O°ST G°S2 
€°éT 699°C $9°2 8S°O OS °2 0€4.°O 95°9 S77 6°07 7°Sz 
G°LT SZL°O 66°? 06°0 Gg°r 929°0 €9°S CBT G*ue a°vE 
O°eT G69°0 €a°2 BB°O ae 189°0 eg L412 O°€e2 g°O£ 
8°9T c94°O BT°E 26°C SO°E $69°O CO°S 777 9°z¢ T°o7 
G°ST SC8'O 7 °€ 26°0O OF °< ELY°O 9z°7 SOT by "he z°soy 
$°S1 098 °C 7L°¢ 00°T 09° BEE °O BG °£ TL z°Cy L°GS 
2°st SB8°O 6B °C Zo°t GL °€ SSE°O zee 65 L°7y¥ z°2g 
€°LT OT6°O Co°yr Oz°T G8 °Ee 20E °O BL°2 o7 $°L7 0°SS% 
9° LT 056°O 62° Of °T OT’? FEz°O 1t*e 92 er §°&S 












SqT + + 
J; . OPPs g ony H — 2? re. 
Sswuo BOOT ? @IWULYS Fs2y uZ eouUeTeaTo "SQI 6°L— suctz 2817105 AsANTY] 
QT 3OUF{ZSeS UTeD Lary tTcuy 3a0u5 *¢ @3eTd esOoN 
B7S =: NY "JoLL %8aNQ27adwajy 1032% 





—/@l ~- 





imet eid? 10% Setuqme> fon y  cerow 
is? polfeeteint yasessoun baw nut tol "Sa = 
stterdd at si te aptealwoias pox” 











$°€9 99°7 OT’? €0°2 
e°<e9 CG°% GO°F GO°2 $0°T OCT o°% TT 7 NN 
L° 69 06°C 73°O Te °o 
$°OL G6°O G8°O O£ °O $2°O 8 ¢°O Tt € ?) 
£°s39 L8°T 7i°T 69°O 
&°S9 0b°T Lis” T 04 °9 67°O O22 G*t TT v 7 
$°99 10°2 $3°T 64° 
L°99 G$é°T TS°T LL,°O 0S°O OT O°S TT 7 fa 
L°99 L6°T Ts °T BL °O 
2° L9 TO°2 $$°T 2L°O TS °O O$2 G°T TT 7 ¥ 
Zz°£9 2$°¢ 6T°t 6$°T 
$°2 95° GT°¢ S9°T 78°O O9T O° TT 9 d 
S°L9 z1T°T €O°T ev°o 
$°89 OT°T z0°T O7°O Le * O07 O°T TT € 2 
2°S9 L6°T 6L°T £8°O 
G°99 B6°T Ts°T Og °O 05°0 GT oe tT 7 x 
O°f9 G4°2 S7°2 g2°T 
0°79 64°? L7°2 T2°T 99°O = «Od G°2 w= ? Q 
“SQ “SGT “20 + °SQT 
~UbTSaj 1333974 
T> Hpz 3] Box g 6px yw J i ‘4a°T Suzpaidas 
OT %buyyzes uted reps it {duy a¥/[-Z sdueres{y swuc OGOT teoueQsTsay 
87S = Wd YIOCYS 399eTd BSO4i 

















Sven - 





= 
a . 
sB22. 
O.£a ey .6 
0.80 SP. J 
z.%3 TP .L 
2h O14 
2.ve os 
@.60 Of .£ 
5.23 Me .€ 
Ve i9 .> 
v.36 ve. 
v.ae ac .! 
4.08 fo.% 
& BS oF. i 
€ Ba Te. 
fF OT or .0 
Ta Ge? .o 
C.t8 etd 
?.£3 Bt. 
ob ..£ 





“ ronttiee ated Shien 


a 





Va ea 
CAS 


{8.1 


_- 


50.1 
EO.f 


QL.e 
21 .€ 


es f 


is. 


{8.1 
ee .i 


Yt f 
avd 


ean .0 
As. 


20.4 
Ol. 


ea .s 





Sel. 


Cie» 
£8.0 


0 
Cas 


etn 
Tv 
ev. 


rT 40 
ev. 


OF 6G 


23.0 


£6.45 


lee 


oa. 


LAN mT 


eS 


70.T 





= —— 


= =e 


Oh + Gal. 
. gas + et 
Gen + 8.1 
ni + Os 
Ons + —" 
ont + ae 
oor # Oh 
eS oe 


{leg 


li «4 
is ah 
[lap 


i ori 


ir- A 


it-—-h 


a ™. 

















7°7C «6S°CLET 68S) O2ZOE 8°092 $S¢€°O 2ZE°T O€°Im T12°O- 906°O ST°B BSE 2° 2°G 

GO°vE O°9ET 65 OE c-o9z ose*c 27°T OF°I- Fz°O- 968°C GL°L LYE 8°9 B°8 
9°ce ¥°7CT 6S I0C L°@Sz OT#°O YS°T S°T- Of°O- YOoR°O C€z°hL SOE S°OT s$°zI 
Tce ¥°ZET 09 O0¢ L°LGZ SE¥°O FO°T O9°T- SE°O- 97L°O 24°9 «F9Z E°VT E°9T 
¥°zE L°6Z1 19 66% 0°967 S¥¥°O OL°T S9°I- TT'O- 469°O 92°9 OFF S°LT $°&T 
9°2€ L°OEI 19 662 O°LSZ O67°O O6°T SB°I~ EF°G- £99°C 96°S SOx B°6T B°TZ 
T°ze L°SZ1 «19+ «+662 Q°SS2 $67°O €6°T LB°I- O6°O- VI9°O €5°S GLT 6°72 6°92 
6°Ie Y°LET 29 Bbz « L°%S2Z 065°C VFE°T LB°I- WSO- 965°C 96°S BOT E°VF €°9z 

AS 

Q°1E 2°9ZT 29 B62 WY S°EGE OS5°O YT°Z GO*Z- THO OLS°O LL°Y CET BZ 2°OE 
9°TS =Y°9ZT =e BbZ L°€Sz2 OL5°O 72°22 GT°z- €9°0- 297°O OTF TOT FOYE 7°9E 
9°IE Z°9ZT 19 667 S°27$Z O009°O 66°2 B7°e7- B2L°O- 907°O SO°E BL SLE $°6E 
t°ze€ 6$°s2zT «4S «TOE 8°2G52 Of9°O 9°% OF°2- YL°O- 29E°O G2°f 29 S$°OY $°Z7 
6°T€ L°L?T 65 TOC O°25Z GL9O°O CL°2 O9°%- SB°O- GOE*O ase S¥ Srey $°S¥ 
€°zE Z2°S6zt BS ZOE S°262 $69°O €8°2 OL°Z- SB°O- 9£2°O0 BY°2 9E LST LLY 
€°2z€ 2671 BS ZOE S°262 O7L°O S$é°Z SB°Z- O6°O- TIZ°O O6°f TZ §°OS $°Z 
G°TE O°9ZT 8S ZOE C°eyZ 26L°O O1°€ Gb°Z- OT*I~ OBT°O TTh4°T LT O°TS O°€5 
6°lE L°LZT £5 COE O°0SZ S7L°G O0°f Ge°Z- SO°T- 6 C O G°IS $°ES 
ap bap  bep bap Beep 535 Sat U/A Say Bbpxr “sq, “sqj{ 
= : D-O09F Dp T, Ze xj BPI bp. pp ¥ t A 14 ~—, re) ~ 
SWYUC COOT -« ea uUeZTS{Ts3ay a¥ /T-2 ae Iueresd[S *sqT O°2- SUOTPIBGIIODN PSRIYL 
OT %*buyzQQeag upTeD Tat }pT[duy zr0NS e22FgG asoN 
87S Woy "4o9L warTAZeTadwaj 1aV2% 











oe eee recente rc AT POI EEO ICT AN AOR A SAE SC PTCA OAL DC EOI TOC TO COILED COSA LOD OOS LL CL LEA LALO 





evLe V°evt €S LOE 7°69% »GLZ°O) GO°T Corte sgere- O€6°S SE°S LOT SIT . GE 
e°9e C°L¥I £5 LOE €°L492 O82°O 9O0*°T SO°T- SO°G- 206°O O's eRe L°E L°S 
g°9 €°L7T CS LOE €°L492 O8Z7°O 9O°T SO°T- SO°0- O88°O 76°24 99 6°7 6°9 
e°9g €°SYT €S LOE €°697% O67°O ZT°t I1°T- GO°O- x758°O Le°L EVE L°9 4°B 
9°SE L°27T FS 9OE L°€92 OTE°O O2°T GT°T- ET°O- BOB°G 97°L 6OC 6°6 OTT 
9°¢c¢ 6B°27T «6%S)~=6(90€ 9°COr ITE°O T2°r OZ*I- ET°O- VeL°C ST°L B67 GOT 6°ZT 
7°SE Lot 7S 9CC L°29Z GZC°O 92Z°T SZ°T- 9T°O- E€9L°O L8°9 962 S°ZT S°7T 
6°ve L°OfT YS 9OE L°092 OG$€°O Lf°t GE°I- 22°O- E2L°Q 16°9 BZ L°Sst Lk 
e°ve €°6ET FS 9OE ¢°o9e SLE°O 2°? G°I- Se7O- e49°O G°9 E12 EC°BT 6°? 
9°7£ S°BeT VS 90€ > 6°6S2 SB8E°O €S°T OS°T- B2z°O- OfF9°O 99°S LBl O°zzZ OFZ 
S°v€ O'S 7S 906 — O°6S2 OT7°G €9°T O9°I- TE°O- 6859°O Of°S VOT F°YZ 7°92 
t°ve €°9ET TS 9OE €C°LG2 OFF°O LL°T Z2ZL°I- 6F°O- EIS°O 19°Y FZT Cee OTE 
O°7E O°9CT YS OE O°LS2 S9T°O O6°T SB°I- EC7°O- LET°O €6°C O6 YV°SE Y°LE 
B°kE BS°FET YS FOF $°SSz S6Y°O YO°Z B6*I- OS°O0- TLE°O YVE°E G9 T°GE T°T? 
L°e€ O°vET 7S GOE 8°6S2 SIS°O 21°? 90°2%~ 29°O- BEE°O YOrE YS G*TY OC? 
zee CELT SG SOE E°SSZ OLS°O BC°% OFF O9°0- 9S7°O OFZ TE O°9Y 0°87 
B°ze E°TET SS SOE €E°€Sz S19°O 19° OS*Z- SL°O- OST°O EFT ZT OOS OZ 
S°ZE E€°OET 95 YOE €°esz ST9°OG T9°Z OS°2- GL°O- $9C°O SEBS°Co 2 6°OS $°2s 
bap ~=bap =6bep = =§=6lbap = =—bep Dap SqT , pu/Aa $cy 6pz “sq{  °SG} 
- B=O9€ Ppt. Te Ce F DPI, on Ppt, c A i ——., ops, 
swyO OOOT °* BIUSRSTS IY aZ/Tr-Z a@oueresTt "SGT G°2—- sugTPIITIED YSsATY] 
OT  %6uyqqeg upe TeTIT {Guy qrOYNS 3 BI9Td 8S Of 
g7S (3 Wd "4o94, oINQeTecweal I3aze@ 





~ 4 








ZUUESE SERRE SE BERE!- 


R22 














Tg aSelaay 





9 “on ung woyyerqT Te 


























o3°B9 = 
2°CL, OO°T 96°C 62°O 
O°74, 664°C G6°O L2°O 97°C Ov? + $°O it-¢€ 2 
€°S9 gore 03°? 6z°T | | 
5°S9 Foe? GR °? 6T°T 79°C OS% + O°? 7 - 7 ry 
L°é9 Gz°zZ tr°z BL°O 
6° GL gy? 6t°2 94,°0O 6$°O OfF + G°T = * a 
$°39 Tz°2 §0°2 78°C 
$°a9 ers $@° T2°o €s°e es + E°2 it - 7 4 
€°Sg Th °f ee °€ GS°T 
£°S9 I9°E B2°¢ T$°T YL°O 22% + Ge? “+ 4 A 
£°69 Oc °z $t°2 Ts°O 
6°69 G2°2 TT’! 64.°O €S°O G9 + 0°? TI - 7 a 
¢°29 80°Y 29° 68°T 
g°2zg O1°Y 69°E LS°T 96°C GOZ + O°E w-? | 
ie *B9 Q27°? (az Os °O s7°O O07 + $°T 7 - ¢ 7 
“sqQT "20 4 °Sq] UOT ze 
-UBtsag 133337 
Tg bar y Bor g 6pa y r Pe Fie Butads 
OT *6uyayest UyeD TET TT Guy a¥/C-Zz avuereay{y SUMO OOGT wte0ueqgstseay 
SVS = Wd' ZICUS 2898TEG acon 





— Asa 




















@O.5. 

20.h« PR. «2m . a +0.6 $iLea 

5O.£ ae >t. . ie . bol wT ° as 
| it Sot , CQ90_). 16. 0. uw © [kvm gy 
| e168 > “al Bade . Gee Ae /*#e 7 
ee ns. 6°90 .- GRP 2.58) Mee A 
nadie, all -_m le Ce eee ~~. «CP, 
‘orm PR RAM He > Med aie 
, 2 ore Pa aft and 
tlle hi “b0 Ot eet” “a> @ 
088 ; ~ 4.5 I Oey + OS . in - nN “ 
—«vORe " aa 4 

e* ieee 

| See - . a AS he, eat = 





= a7 ** ry eDOTAWA ; ea 4 : mes we ‘eer 7s © om | ™ ¥,- GA 


os  ————— 


























9°LE V°LYT FS = 90 O°GLZ STzZ°C S$8°O 4S 8°O- ¢) cOo°T co°é 997 G°O 0° 

2°-Le 6°S7T 7S 90€ $°ILZ OFZ°O 98°O SB°O- 26°0+ 096°C S9°S OCfY E°2 E°7 

6°9E ¥°LIT FS 90E O°OL2 S€zZ°O S$6°O S$6°O- GO°G OF6°O S7°S ETT 9°7 9°9 

O°LE F°OST 7S 906 O°CLZ €£27°0 €6°O 26°O- $0°O+ OT6°O 6I°B L4BE 6°S 674 
T°9e V°77T FE 90E O°L92 GYZ°O 96°O S6°0- SG°G- T4B8°O SB8°L 9S FR T7°OT 
1°9e L°77T YS 9OE C*LOZ O9Z°O 9O°T SO°T- SO°O- O7B°OC GE°L STE GET O°VT 
L°SE 6°Z7T YS 90E $°S9% O8Z°O 21° 2T°I- 60°O- Thd°G Ye°o BLE S°7T S*9T 
¥°Se V°TTT YS GOCE O°792 SB2°C QI°T ST°T- 2T°O- GSL4°O FL4°Y C9Z L°9T LST 
T°se F°ovyt 7S 90 oom ae c2°t we*a- sie Ctere SHO We 244i rte 
9°7€ G°StTtT 7S 90E T°I9z STE°C G2Z°T LZ°I- O2°O- G49°O €O°9 TIZ E°I™ $°EZ 
Q°7E F°BECT 7S 9Q90E oe O°1I9y SzZe°OQ VE°I SE°T- TZ°O- ZE9°O 69°S LET E°7Z €°9z2 
7°VO «=L°LET FS 9OE o c°-agr O96°O LF°T GS¥°T- FE°O- C45°O OT°S FSI B°Le 2° Oz 
¥°vE BScLeT Yo BOE ¥Y°oge SSE°O OF°T L¥°T- Sz°O- LO0S°O 96°F T2T S°EE GSE 
G°7€ T°SET FS YOE L°O92 O8€°O O9°T BS°I> 92°O- ES7°C SE°Y OTT TE T°SE 
g°€o S°VCT YS HOE $°962 OT7°O Vi°T OL°TI- OF*O- Bgf°O 67°F Th O°O7 F°ZY 
6°€e T°SET YS 90E G°ase OVF°O O6°T SE°T- OF°O- 6€E€°O YO°E FO OFF GS 
S°fo TVET FS 9OE L°9S2 OS7°C G6°T O6°T- ST°O- LIE°O FL°r LY O°S7F O°L7 
T°VE 9°9ET FS 90 Z°6S2 Se7°C YVI°Z OT°z2- oF°O- T9z7°C TFE°Z ZE €°eY €°TS 
7°VE «=6°LET €S LOE $°662 Sé67°O 61°2 St°z- OY°O- Vrz°O 61°2 B82 S*bT S°TS 
B°Or Z°E™T S$ SOE S°97Z OTS°O 82° OT°Z- O6°O- OBOO ZL°O € Q°TS O°ES 
7°7E 9°LET FS 90E z°09% «4025°O «67E°2 OF°e- OF°O- 96T°O 9L°T BT F¥°ZS F°FS 
bap 3p ap Dap DoD Dap "sat | pu/A soz; bDpr *sqT *sqT 
K- SF We Ups, Fe o¢ o-_, rr, ey J ~ ; > “s 
SWuO OOOT: ISuULPSTSIy uV/C-Z eoueree[y "SQT G°27-~ 8uUCTP~IeTIOCD) VsIATMY 
OT s6uyqqesg ute) sets TT Cmy yroyusg : B29}d esON 


Wad 





"Ae9h 


SaINZPeETacwsy 133vy 


—. fe ae. 


conte Goo: 











d.~L &.°E 
£8.00 ST .ERS 
ds © Tel 
L.bf. o.001 
@.€€ Lats 
PLE Ae®Ei 
&.€€ G.ati 
eet Lats 
Adt) BIVRL 
aM. Tate! 
do.af A£-BEi 
o.a6 2.Ae! 
L.2— peg! 
a-@h feolal 
T.2f P.RAI 
i.ot. Vtdl 
[.e $3.54] 
&.°C woaer 
2.08 A.Tas 
£.9& ©.BR! 
Oo.TE A.Tal 





ipoltess nied t9oiti laud 


Senna 


BERR 


| 
| 
| 


| _ Sema PRtOe8 


~ OF" Ce 





i 


te 
a.P2s 
v.08 
@.825 
6.d2s 
¥ 00% 
A. Ooh 


G.1d8 
{165 


0.8 


0.200 
2.205 
£.Vas 
O.T96 


o.0Ts 
@.1Vs 
C.0" Ss 


3h me Sogmesvan en 


= = 


“ar | kes 
< "eke .¢ 


Ve 


TA\C-5 sonetesl 


M%,s- 


aie. 64.% , i.4- 


C&.90 


216.0 
ope .0 
CBa..0 
085-0 
GAE.O 
ees.0 
2e&.0 


efs.0 


ei.a* @L.2- 
ai.& OL.5- 
2e.f O8.1- 
Oo. 28.1- 
av.f OF .i- | 
Q6,{ §e.{- 
6 ae 
‘aid Ba. t- 
Ae.1 Ge.1- 
CE.f TE.f- 
ee. &&.1- 
OL. €1.4- 
eis Site 
o0.1  20.4- 
o7.0 28.0-~ 
€?.0 690 sf- 
20.0 #°,0- 
03.0 78.0- 
¢6.0 28.0- 





O16.0 
O-E ,0 | 


Cd .0 
GO.f 


Ae.a 


28.7 


OV .? 











ate 


o8°89 = Tp aGeraay 














ESA LT 


























G°L9 7o°¥ oT°’y OL °T 9T°T 064 6° TI- 7 d 
0°s9 6T°€ $6°? x°T Se °O Cree 9-F Yi 
G°OL 6£ °2 $2°2 Z7B°O LO°G 06+¢6°2 II-¢€ » 
G°£9 8L°O 0L°O 6£°O G2°O 0+ 0°T I1- $°2 9 
7°69 ge °Y Ot°? G$°T 
2°69 67°47 O7°7 09°T oT rT geet eo7 1- Ff N 
e° OL Th" $5 °? 26°O 64°O ee4+ec t-7 A 
O°7L B9°T G9°7 25°O x5 °C ec+ec M-F i 
2°69 $S°T oy °t $$°O 67°O @+or T1- 7 S| 
“Dep (+) (+) “SqT SHO 4+ “SQ, “ZO 4 “Sqj UOT PeU 
~Stseqy 18339 
‘a bpI Y pig bp y q 'A _ <.  £ax—cen 
OT %:6uT32295 ute Tat T {Guy uf a2UeTes{D SBYyC OOGT r%edbeysTsay 
e7G = Wd ZIOYUS 1098TG VSON 








aii: 


.. —~ ee = o.0 ot ras 











a 


) M2 “OR ot Os he &. Ps 








Ver.o” -f Ou 


1 Bok Box + Ob 

















a oe 
r,s Cm 
er. : 
yes ae 
if + ea), " 
aig 
Ses BAS 
Sr tes 
ss ; ee 
e- ar 
sya? ie,? 


ae “he 


aye Aw? 


ts. aa ae MS 








-_—i =? 





od Aun an 





Same 


. Ye 


i. 


FRLEAGSAGESSE 














9°S€ L°27T 279 B62 6°42 GET°O S€°O GE°e- ZO°o+ OFY6°O S¥°@ LIF j%2°T Ze 
e°7€ Z°6tT 29 Bbz GO°OLe SET°O SE°O SE°O- GO°O Ses°O L46°L Zhe 8° 9°24 
C°o Z2°Cli 29 Bez o°ver SST°O O7°O oF°O- YO°OQ- OfF8°O BY°L LEE OF OT O°ZT 
6°2e L°ICT 29 B62 $°79z SL1°O OF°O OY7°O- BC°O- BhL°O Y6°9 wee S°CT L°ST 
"SE «6S°OLT «629 «B62 G°T9S O6T°O TS°O OS°O- BO°O- CFL°O 89°9 THE 2ST SLT 
O°ze€ O°SzT £9 LEZ S°652 G6T°O T6°C O6°G- Ge°O~ O9T4°O Yo 472 E°LT F°kT 
G*t€ O'9Z1 €9 LbZ B°LS2 GOF°O 276°C TS°O- T1°O- oO99°C Y6°S L402 6°02 6°22 
S*té 6°S7T €9 L62 , L°hLGSZ GS7Z°G T9°O OF°O- ET"O- SO9°O Y7°S CLI OYE 9°92 
z°re «S'BZl 29 B6z e L°6$2 S¥Z°O L9°O 99°O- FI°O- 265°O Lee FIT C°ge E°E 
S°ls O°LZT 29 B62 * Bese S¥Z°O L9°C GS9°G- F°O- *47IS°O 19°F Fzt FVE T°9E 
9°ze Z°O€T 69 TOE O°BS= 7OE7°O EL°O Th*O~ ST°G- 877°C ££€0°7 Gé S°LE $*6e 
S°*Z€ O°CLT 66 TOE S°4Se O87°O GL£°O Uh°O- BST°O~ BBt°o O7°f wh ory «69 °SY 
€e°2zE - T°OZzT «66S CTO O°s62 O£C°C L46°O G66°O- 22°0- §OL°O L4°*2 GF 8°97 e°s7 
O°2e O°SFT 65S THE @°SSz SEE°G B6°O SE°O~ Fz°O- 2Lz°C S7°% st &°SY 6°OS 
6°’ S"*TET 6S TOE £°6S2 O9C°O LO°T SC°I- O2°O- TTrZ°C G6e°T €2 2B°eg = B°Ss 
Soe Z°ezZT es ZOE Q°ese CBt°O® L1°T OT1°T- OT°e- OC 9) 0 G°09 $°29 





suuc OOOT = SIUCYSTSayY wf Bd2uUeTesTH “SQT O°7Z— 2v0TFP~eTIOD YsALTYL 
OT  6utyzas uyey reTsT {Cay | yTOYS 228Td as0N 
B7S 3 Wdy "4e9L eANQeLadusy] Iezey 





~ Fae — 


Oo © 
~~ a > 
Ww wy ye 


767 
397 
La4 
ory 





wid 





SUYO GOOT 
GT 
STQeTIZA 


O79 °O 
SEO 
279°C 
S49 °O 
O04 °O 
089 °O 
STL °C 
99°C 
$79°O 
O£9°S 

$q 

A 


2GuT3yay UID TSP T [wy 
: Wdld 











0S °2 $0°7 $98°C L1°S Phat. 
GT°? 69°C €22°O 94° L 7Se 
TO°*T ZQgre €94°O C6°9 Os z 
$6°0 Gt °? ST8°O GE°L Lt 
$4 °C ee *r wd °S Le °9 Bez 
09°C S69°T 289 °O 04° T6T 
BS °O 67°T O€L°O $0°S STZ 
2G °G c7°T 859°C €e°S L9T 
27" oe 509°0 $9°7 a | 
O7°C ar % 979°O 96°% S7T 
Zé °O SB°O 6279°O 77 °% 26 
C a puja so} opt 
BPI bpr c A ty 
@IULUSTSayY au? a0uUer2a [9D *SQT S$°L7 
FTOYS 





*dSobL 





i & 
B 8 
| B 
G°YT O°Zz2 
“sqT *SQT 


IzOd Dp TIT 
see a 





2UOTAISTIIC) 4YSAITY] 


adatd acon 


SBINZPELHSGwWe; Ta},e24 


~/29- 


oldaiveV s 
OL senistor apy zat 
emio OMOL »¢ 


204.0 
*eA.Cc 
o44.9 


— 





ee oe 





= 
> « 
+ c- 





a 


i > 
Gee 1% 
oe we 
“= 9% 
so 7 
> . = 
~ & ? 
s = * 
c= *% 
>" “ e e 









eS33.\ — 














eT ORE cd IAS 














~“/J3e - 





907 O67 °O ZBl°O $2°C 627°O 079°C Z2°ST “°T" 
259 C87"S Tt “0 65°O OF °S 965°C 7° Tz 6° O07 
987 629°O | 60°T 65°O Sts °O 8° 9Z € ° 92 
225 UthL*S S0°2 Se°t 96°C TRY °C TY oon Lee x"€e 
Tov Ci? O 920 °O $T°S 67°C L94°C 9°6 T° 
SAY SLi’ s L498 °O 4°o 05°S L49°O S°RT €°St 
BOS 645°C EY* Of *T t4,°O 509°C 2°Ge iF 
YES O29 °C Ox°? Gé°T 20°T 645°G SO°S Q61 9°62 1°52 
917 Og? °C 946° BT°O €E°G 758°O Z°9 L°s 
£97 SLE °O $T9°O 67°O 77°C $94,°0 O°*T G°tT 
9g7 SL7°O €6°o G6L°O 6¢°O TE °O 6°ST ¥°ST 
O2% 085 °O 25° GE°T 28 °G €89°G 1°22 9°12 
ES O$9°C c*z OT°2 2T°T 659°O 3°s o0c 6°92 7°9Z 
Lot Oo%'°S Ford 60° Hh2°O 90° T ae | 9°C 
€z7 O8z°C GLE °C ¥T°O SE°O =: OF BC my 9°£ 
v9 Se °C 989°C Zy°o 7 °G 7S28°0 6°L ¥°L 
965 697°O L0°% $3°o S9°O GB4°0O §°ET O°eT 
925 O75 °O LS°T Of °T (LE wO 964°C 6°LT ¥°LT 
¥Gs SE9°O Og ** o7°z GY°t 61T4°O ¢°22z O° 272 
ZLS 089°O So °7 OL °E 0L°2 969°O €6°9 092 7°S2 6°¥2 
- “sq - ee pu/a $a pt “SaT "sqi 
: J DO. f eyo OD 
Wadd ad pa, Pt. Pa, Cc A ty —— . - 
SuIyO HOOT = BSOUSISTSIH ur GoueLeat’ *SaT $°Q+ uotqzIaITeD) PsAaAIY] 
— «OT «6 8buyqqeg use rapt zy ycwy zieug ; Q09TE as 
OTQeTI2#A ; s@IN{ZeTeGwa] Ia,eg 


nde end iit d0Bh 











1 Tap: sy 
5 APaTSPTS 


red: 10 



















7. 


i 
| 


~ ten 3 25282 is 


tata oor pdb nt o> ihe 





« “ : i. 
WOOT TETOXE Qi pecs 








ry 
7” 
- 
' 


i tale | 






“3 





a A NTIS SS LS I era 














g°ser 675°O G7°O S7°O 8 8=— LO OST - #1 = -s X 
T° 9¢2 S65°OG 97°C Té°Oo GB7’o GC2 - xT tT - ¥ Ni 
O°ee? G61 °T G6°O 2°64 One°% oe - Ff w-? d 
2° OES 065 °O e7°O ce°o 86 GTO @- 7? 7 -¢ a 
L eve Ti2°S z°O ET°O 982°0 o% - 1 m-<«¢ 9 
1° 972 GLL°O 95°O 75°QO = T79°O OF - $2 wm- 7 » 
G° TEx OST°T 06°O %*e <£06°1 r- 7 it -# Ni 
G22 S76°G GL°O g5°O Tes°o OST - € 7~-7F 4 
7°3E2 977° t7°o €T°O g27°o G6T - & vw -<& 0) 
§°Te2 O£ 28°C $9°G 7S°O = OFL°O o2e - 2 ~~ --. A 
6°SE? 992°C *Z°O ST°O $9z°oG Of - T ) a - I 
9°Tt2 199°C 77°O G£°O $05°O OZ - 2 11-7 7 
*SQt uct}? 

—~ubTSeaqj r3}a7 

¢ Pa q v — 

9 %6U79Q4aS UTeD TyTITTowy SMUC O00G s%e20Ueq,SsTSse1 

s7¢ : Wd Guy t89eTd a5eN 





73/7 - 





e 

S 

== 
== 








i _ = 
& 
me 
.. -. 
om 





3 


[a 
- 
= 
rex 
= 


a 


























¥°LE® E8°O OL°O 67°O G00$ 

¥°sr7 Bz °7 63 °T 69°T O00T €o°T ou- 7 > woe Ni 
g° yr LE °C GE °O Pra OOO 

L°O€% S17 66°C 7L°O OCCT S$67°O e-2z 7? -< x 
G°scr 19°O ZS°O Z2E°O OGOS 

O° OZ 2S°T oy°T gt°t SOT S7L°O G-¢ ia-7¢ A 
6°L52 6T°O 8T°O 7E°O OOGS 

$°LE7 6$°C 05°C ZE°O OOOT 7G7°O oa - 7 - «é I 
6 °6e7% 69°O 55°C G£°O COCs 

6°92 ¥o°2 BY "T 6E°T OCCT 008° @fT - € ll- ¥ u 
T° ate 1z°o 61°C B0°O CoUs 

G°Ee2 89°O 7$°O 17°C QG0T O47 °O oy - ji 1- ¥ 3) 
2° 6Ez 17°O GE°O TZ°o GOOS 

z°1cs Q2°T 76°C 94°C OCcoT 606°C Ge - = tl - ¥ ‘s 
L°6f2 6€°O FO°G oe *¢ OOCS 

O° OC? ei’t 06°C 94 °U OCOT OS °O ma -£ Te - * 7 
¥°LEZ €4*9 S7°o 6z°O Q00S 

¥° 622 19°T Zz°T G0°T QO0T 173°C OF - $2 17 -* 5 
6° OFZ 6£°O 7E°S 61°C COCs 

O° Fer St°l 96°O 04°C GOOT 967°C © - 2 T1- 7 Wi 
T°sez 63°0 2L,°O s¥°o OG0S 

6° T2z S¥°2 69°T Cert OGOT cart OL - 7 1- ¥ é 
"Dap , ae oO SBC “SGT SWO 2 °SGT 20 ~¢ “SqQ{T “UbTSOe] I8i},87 

Te —, OPT, nan “STSay qd cr] *i‘I DUTIES 

9 6uy3Q785 UTeD TeTyT {Guy aZ/I-{ eouezT2aTD 
BYS : Wd 


Buoy 18090Td acon 








Ie — 


ite + ieee oe ei at x 1” ane sa + T cmlie Bru 
fs aks = 

















. co nee: ot 

°.0h5 98 oer 

Sree Teg ve Fe ‘foee 

ered y vas ! 
ca de ee Ce SS 
Lae ae CRS US Se 

roads we att oft ae 

iva 5 SS "se Ba 

a “ne 8s Oe we 

a UU RS 

is mo ei Gh com 








O° O2% 
6° TE2 
¥°9E2 


9°ZEz 


nad Ne 





S7L°O 

é0°T 
OTe °O 
037 °O 
G67 °O 
879°C 
$92°C 
667°C 


“sqT 
a 


y® dduURTeeTD 


ov - 


Og 


O9 
O7T 
Coz 

0 

OS 

O72 
0 


“Sub 





cy ~~ a 


~~ 


ne. a 
NY 


at i 





TT 
tT 
tt 
Tl 
tl 
{T 
tT 
tT 
TT 
TI 
TT 


“fo + 
*q° 


+ +t 


t~ x 
oO = 
— (aa — 


lvl vy mm ~t 
pt 








289U24 STS 3} 
S3999TG @SOKN 


suyo OCOT 









7 





6 
Bdge 
0 5? a 
é 
s 


BL 


Sree tes ee © & LBB SR 


: 
fe ry 





- ~ @ 








































E> 488°C @L°0 6° g 
a G62 °O me” O €7*O 9 c97"O oz ~ 1 7% -¢£ . 
O° $9e 598 °O TL°O 05°O 3 
O° O77 Ose TES €T°S 9 €ez°Q Coz - 4 Ti -~ ¢ *) 
O° gz L6°E¢ 26°? L9°z : 
G°92Z% OT’? 26°T 67° T J 7t @erT- 7 7-4 d 
€°622z vy? 7 S8°T Og°t 3 | 
1°27 xz°T 96°C $4°O 9 079° @-~ 42 Ti- ¥ 4 
¥°TEz 096°C 6L°O G9°Ss 8 
g*tez GET CG $i °C 97°C 9 OL2°O OY - T TH - ¢ a) 
0° 622 $0°¢ Of °2 GO°2 8 
O° sez o9°t 6T°T VO°T 9 UGe’G OGT - € it~ 7 id 
7°O¢z 6L°T $E°T zT°T 8 / 
9° OC? OLE*O L9°O $S$°O 9 GOS °C m- ft 7-9 7 
G°tez OL*T cg°y 90°T 4 
7°Ttez S78°0 99°9O €S°O 9 O87°D o02 - &T 7 -¢ x 
€°*2E2z eT°z z¥°T OT°T 6 
L°a¢z LB°O L9°C 65°C g O275°C OY - = 7a - 7 a 
G°L22 69°C Ch °2 04°? 2 
6°g2zz C6°T s7°T Lz°t 9 TO°T 05 ~ 7 Tt - ¥ N 
7° O22 9L°2 OT°Z 08° T 8 
6° L227 $e°T COT T6°C 9 G7L°O Oo- ¢ 71 - ¥ A 
“3qT SUD + “SGT °20 4 “SGT “UOTSeg 193307 
pps utzaas ld a ee eee 
aZ/[~% @ouerea[,s SMUO OCOT iijj<t@@ao2uezs}sey 


87S = 8 Wd Suc] :80etTg ason 





e/a en 


a..0 
ud.G 


er. 
oa.t 


oie 


e1.¢" ~ 


DF .O 


.@ 
GA.0 





ee me oe o> 2 Oh we ao wD 





(3.0 


oar .o 


D- bs 


ore © . @-!t 


ic. os 
e UR.0 00s 4 


3 
. 


- fl 


= am 


ih -a 
' -€ 


ii 
ifo's 
’ 


une 


| iLl=E 
- tih-¢ 


(er 8 FF & & 
a iehUCUc rmhlUmh! | 


~ Bee ® 





~ .° , ‘ — =" caters _— . = =~ ut oO +e <= — ay <= neem a noo — =_- = ~ 


fot QB -a 

' oa? .& me - > 

1.0 Gos - él 
ce . 

toe 0 61-32 


(e.0 OOL- FE 


























=(73SS. — 











6°622z e9°e GL°2 Gf °2 L00°T O7 - ¥ Z=- 9 Ni 
T°Vez OL °T ec °y GO°T GOS °C @z - 2 ?—-& 7 
9°6272 96°2 6z°2 26°T OTS °O ORI - € i- 7 ud 
€° ez 6r°> 6L°T se | 179° OY - 42 nw -7 3 
9°07" §8TtL'G 29°C G£°O 692°0 Of - I 1 7 € I 
Q°s77 OL°¢ ie ay °z 7O°T oor - ¥ ti- ¥ a 
ue 060CUT Ore Or°2 27 °T O7L°O ove - Ti - 7 A 
O°é72 669°C S9°C Gz° CEz7°O 007 - = gT7 € 9 
€°¢e2 wT O7°T SO°T Oz7S5°0 oy - 2 Tt ~-€ fa 
2° 772 OF°O Th °e Se£°O 4" °O OF - T mT - € 3) 
O°6tzZ 97° T Sz°t Si°O G¢67°O Q@- 2 7 - ¥ iW 

"BaD ld “sat — SUD 4+ “SGT °20 4+ “SqyT “UbTSey 18332" 

it Opt opi DOI 4 A "iI BuyIGs 

€ ” q ¥ 
Q $6ut3}2e3 UTeD LaT IT [Cwy uf VduUeLTes{4 sayo OGOT %‘so9ueq{sTsay 
87S 3 wd Buoy :edeTd asen 








= 





onset 
“eas 
ets 








ae aT 


ar ek tea — 
_—— —— we ew er : - , 
a aie | wer sere - 


a 
oe. 
7 
28.8 
wabsi 
gree 
I7T,0 
Ces 
Ne. 
eT 
wu. 





1 tare 





‘ oS i 


D9 


= i—8” 


. a? 





“ Po oe gine 








Bes 
uth 0 ; mee 
“2.0 oo: 6 
i | 
SY .d ~ MS =i hb « 
40-5 
ta) 0 o - ri | 
uo 06 - HE 
Git.0 Ces -' 
g02 .D Of - 5 
PO had 





ee i or got . 


__she +. .a8!l 4 Jee 


iss 


ti-€ 


roe 
lise * 
a 


walk ts 
i-€ 


uth 
a a 
H-t ‘ 
ja Lae 





soe & & : - 

















Mate is Slee: 














Tt tele 5 


G°Cz O°SG ZEE €°Gil @€°S 2°? GE°z= BE°T G6L6°O OB8°S 197 iT Gey 
9°97 €°96 zee 9°601 27°2 9L°? Oy°z L€°T Veec Ose 62 6 °% 2°y 
6°92 6°56 “ee O°OTr 7F°e GL*Z 7°" 6s OF" T0 OSB" O 66S 6GRE e°L Th 
1°72 «67°96 ete S°OTI F¥°e Gh’z Gy°z 6 eT OEGRTO «66L°L )«=6OGE €°GT 9°6 
L°v2 93°86 ee £°e@ol 7$°2 06°72 GS°* gE°T 6ig°O BE°L THE G°e@ 2°et 
z°Sz G°TOT €€€ 6°*SOT @4°2 OT'ft 64°? BE°T 664°C T8°9 442 C°eST C°LT 
T°st™ ¥°OOT €€€ S°90T Ve°r V2re e6°s «8S¥*T «SOL°O ZO Bte T°27 ¥°Tz 
6°%Z 9°66 2E€ C°OOT FO°Z GE°E oof 8 866F°T) | 6OS9"O «6G6B"S: «CGz 7°92 L°S2 
T’S2 S$°OOT 2E ¥°GOT 91°C O9°E Gz* SS°l G8S°O L2z°S S9T T° o€ ¥° OP 
¥°S2 «S°TOT 8 2€¢ ¥°FOT 9E°E §=TE°E os°f£ 4 =6O9°T) Oo BIS°G «699°7) «—b7T Lo %E O°ve 
eet <a 96°C 6e7°O S°LE 
¥°TOT et Gz°Y TBE °O 6°27 
5 6° Tet 97 °4 TEE °O B°S7 
$ 6° TCT Gee 65°77 90£ °C é e° Sv 
m°Ssz g°oat 8 1€¢ T°VOT GI°7 LL°% SE°7 S6°t Teo LI°2 Bz ees G°25 
C°Ge €°TOT zee 9°7GT OF°Y 64°F SO°Y «6 GOES CLLT°O «=06S°T) «ST 2° 9S G°SS 
O°9r 2°7GT ZEEE G°EEZ L°ZOT ZS°% ST°s sy ec @ 0 0 LS O°LS 





swUuc 00058 GILVERSTS9Y at 390uereaTD "SsaqT L°O+ %u0Ttz 291169 YSATY] 
9 26U7239S UTVH Tey T [day Gueoy aI@Td VsCn 
B75 : Wd | _— “4Je0Q seINQeTeduayl Tez.e4% 











SO. pOd Chap 
~fL.dsOl Clk 
 Q-80! Pp.£ 
O.00f 18.6 dfg- 
two st 
 <.0OL Vat 


+-Al 
a. 201 


E.du1 ies 
5.01 sha 
¢.20/ &F.4 
€ Oi g2.4 
Lan) Pt i.e 
O.01i obs 
3,003 apes 
¢.o1f Oc. 











—s ae 
is’ eve.o eer 
| gdsS.010R.5 Che 
4°. @ 


OW 


0” eh.€ 
—OE.L 
ee 0068 


vE.2 
28.2 
ato 
itd 
ry 


O° eT .# 











PARE AER FE 


























PARR gees TEE DRE OR ee 








T° $2 G° GOT -*vOY @9°T 9S°T 47° #Y9°C L96°C 69° e777 8 6s°T tT 
6°72 S$ ° 66 Z°GOoT £9°T GSS°*T OF°T 99°C OF76°O G7°s 6 72700 GY BE 
g° 72 C° 66 “401 CL°T TST SF°T G4°O 906°C TI°R FE 2° G°9 
¥°Sz S°tot Ft 2°60 @£4°% OO°T S6°t 89°C SRR°O L4O°L Bit Lt Cb 
7°S% 8 F°TOT €£°EOT 46°C S9°T TS"T S9°O ZEB°O 69°L TS¢ 9°OT 6°6 
9°SZ = § *ZGT e°zOT LB°T FL°T T9°T 99°C LOL°O OT°L FOE S°7T B°ET 
O° 92 O° FOT L°OOT B6°T VB°T 7L°T S9°O CYL°O O£4°9 LOR L°ST OST 
6°S2 S°2OT GZE c’Te! 96°C eT Cl G's 199°6 S$B°S i a et 4 
Toe 0°01 “COT Te°e GO°2 Z6°tT Sh°O BI9°G GS°S YET The F°OZ 
“oe 20s -F07 7°GOT T€°2 T° 26°F GL°OQ $55°O 66°Y B7T GS°ee L°TE 
6°92 8 =60—66° FCT L°GST 8S°2 O7°2 G7°z GB°O LYT'O cc°y 9% 2°BE G°LE 
T°9z 0 E°VOT) | =oLZE 7°OCOT Te°z 29°2 S¥°z 46°C O9E°O GT°E 6% 2°sy = $°7% 
B°S2 T°ECT 9°O0OT 06°27 OC41°7 %7S°2 Gb°Cc 90°C GL°R 57 2°*ByY S$°L.7 
L°S? 6°ZOT B°GOT LI°E Gh" GL°Z GO°T TTT°O VS°T FT Z2°LS G°9S 
9°S2 c°eet 9 9ee b°stt °C Trt wet Gt OTT ®@ 0 0 S°B8S $8°LS 
eit) ("J Dap +) (=) BUA Soy  Gpi “*sqy “sq1 
: bpr. Te, go 4d BPI, Dpz bps : A ty 1763 | pr, 
suyo COoS 3: a ueIsTsay u¥/I-T soduereeaTo "SQT L4°Gt sUCTRZIeIIOD YSNITUY] 
9 $6utzZas utes; TaTyTTeuy 6bucy °: a2aTqG acon 
ayg 3: rade] "4008 wemngersdwey 18,7, 











vat oe a CS NTS a “a 
=~ ase rer 


‘B.00! rere 20-5 OF.R Peal 
' yal gece, ‘or.s £8.c tere 
at ‘GR 88.9 Bh. SeL0 
| e.b Gp.t es.5 B8.6 

if e810 29.5 “80s 
‘2.4 Wes br. 
1 or.o 
-t 86.0 
ft “28.6 


belplabeioidelsetehi it 


20.0 
84.0 


ail 6 
1 PP.0 


ve 


SD a en a S Oe ae OP ~<a Ge 


or 
a 


oe,0 


a¢.f Shui $60 


| 















Sa tiienete attend 








—-/38 - 











9°77 €° 66 F°9OT G2°T FO°T 66°O 6F°G G56°OQ O'R WY °F LT 

g°72 £°é6 2°g9ot VE°T BOTT €O°T Of"e 466°O ViI°es Fee F°9 9°S 

g°77 €° 66 2°OOT 27°T OT°T OT°T 2E°O esB°O C4°L TSE ‘>.  @°% 
z°S2 L°GOT B°7OT S¥°T “Li°l €T°t O€°O BsB°O SY°L 62e F°"T 2°TT 
z°S? c°eet Yee 9°VOT 7S°T €2°T Ot°T TE°O Z4L°CQ LE°S BSF Tal FOI 
6°S2 9°€eT 6°ZOT 96° 92°T S2°l Bro Siz°o z7°9 SFE BsT T°6T 
t° 9” €°FOt z°POT €9°T ZE°T Gz°l Bz°O 299°O BBS SOZ E°vZ G°EzZ 
6°S2 2° 20T €C°VOT 94°T 27°T ECT GSE°O 26G°O ZE°S vo9T T°se F°Be 
7°S2 Amat Si e708 Get 6F°t GF°t a6 @eb-e GY Tei ree Gu 
4°72 L°Sé S°7OT 68°T f€S°T B7°T GE°S I97°O ST°? 707 Z°LE = $°9C 
L°F2 4° Bo S°VOT 66°T THT SS°t T7°S SOF°G FO°E 6L as? oe ov 
€°%E T*L6 7°9GT TH°2 GL°T Th°T O5°O 9OE°G GL°e SY ¥°LY L°9F 
: ie 6°76 2eE O°6UT 62°27 SBe°t SGL°T O9°O BSzr°O SO°r Sz L°ts 0°25 
C°vz €°L6 €°L0T 65°22 66°F O0°7 79°O ThT°’O YS°t ST 2°SS Go hs 
¥°4z 6 °L6 eze 9°17Z T°L,OT VE°Z GB°T GBT sSS$°O g0°O Tho € C°LS €°9S 
e (t+ DU SA sc} bps “SQT ‘*S8SaT 
c A 7 ihe aaal 
suyo OCOS : GIUZISTSAY "SQqT £°G+ *ueywz,9aIT04 YsATY] 
9 36UT34 95 UTeD LOTT [Cwy bucy 3: @dI2id as0N 
ev$ idl “JeOR WAINZeTscuwesjl aye 













a | 
ve 


soe Sr 
° 





—- 


= 







Ps 
bs 
Tu 





6 
eo * ; e 
<a = © 2 rs ’ | Be, ‘ ‘ 
- ae ae ime ——e = . es 7 wero 3 rerrege! A — ae 
| = - 7 ‘ 


ign é 


"TR + BOTS - FOES 
"th 7°T2) TOR 
1S? - 8929, Jet’ : 
THE Fee, 
Te), wre. 


— — eS FP 


Lie '34) 1a “grat TAT aire? 53 





89 pee row Tt pee 
I Le Se 


_ O36. .D.ae....' Ot. 1°34. Toes. 
a.) 8. Ts, 


BID Te 
B30 5°32; 
-@2T, ie 











AN a OE) eras, pe 328 
= — ' . — = _ —o : 























9° ee 7°Os 2EL €°Z0T T° O°R OF*z tore O£6°O 9E °S 917 6°T zet 
“ee 6G BE eroet 41°T #SS° @6°¢ SP't 916°0  €ee 2OF "c | =6«Oe 
T°E2 G°26 Zee ¥° OOT z*T O9°*% So°r 97°O 783 °O G66°L GLE L°S O°sS 
o°¢2 T°to Ze 9° eb €e7°T G9°% GG°ZX SO 673°O T9°L 97¢ €°6 9°S 
L°ee 2°76 ELE 6°86 1e°T 98°2 zerz FF°O 646°O 97°L eae L°€T O°€T 
Les $°76 Eee T° 66 6£°T SOQ°E CGO°t B7°C 9EL°O 19°9 G92 L°L1 O°LT 
S°ee 0°S6 £25 4°86 S¥°t T° ST°E BY°O 949°O 60°S Of c*me ore 
g°<z 2°S6 C7E $°$6 ¥S°T GE°E SE°E OS°C6 TT9°O GS°S CST L°9e O°9E 
6°<s e°S6 8 F2E 6°86 29°1 $S°E€ GOS°E GS°O 655 °O TO°sS GST L°S2 @°6E 
6°€2 9°S6 87zE 1°66 Z2u°t OB°f GL°E 69°C 26% °O ay et OTT e°SE =6$°7E 
a a fo, | O°GOT 28°Tt TO°Y GS6°E OL°O oO7°O 8 8§=— 9° E bode L°t? Oty 
9°¢2 ee > | f° SOT cao°x e7°7 or°y os°o LOE *O $4,°7 67 S°LY 8°97 
e°éz 6°26 | 8°COT ZT°2 89° 9°7 $8°0 OL27°O ev°e St L°6Y O°é¥ 
O°f2 6°TH €2zE e1ror tr 6? «eF O7 cat's WT 9 L°7S oy 
6°27 7° 6 ™zE L,°CE2 ~° TOT A T°S O°S O°T O 0 G Z°LS $°9S 
ry OU7A sdy Bpa sqyT  °Saqi 
c A 4 T1703, ad 
swuo COOT : G@IUePSTSaY nV¥/C-T sIueTeaTD "SQT Z£Z4°OQ+ tuUctzyoeITED YsNnTYY 
9) [Out eS Uyey Lay y[awy bucy : @ISTo asCK 
B7S ot Bc¥ a ) —— “3e08 warNQersduay 137,24 





a Sy ME 


———ee- 


leeeebareeseet cab 
treaty 
1 bi FEPEPEREEEEyey 


EEEtEs eett Pees 
ee svt des isin iid 





EGER EP es 








i. 








_—<iee 


J cc 
1 é 
~ * 
. 
= o- 
o ; = - 







go 


»>—-+9)- -— 
a= 


















"vr Ie 2 T°L6 86°O 20°72 GO°2 S$z°O ZE6°OC 38=—6 HEB O17 vo De gs | 

6°€Z $°46 Zee L°L6 S6°T Le St’t 62°C 6T2°O 92°S VOY B°€ T°e 

L£°ts 8°76 wef 7°SsS sort @i’e eis tes V¥LE°O 8=— BB°*L BIE 6°9 2°9 

ots <@%46 €°96 OT°t Eaez. Are fare PeB°O 8 8=— OF ° LL, L2e oot F°O 

sve 66 f2F . 6&6 TT°t G€°2 GFZ GI°O 69L°O T6°9 782 $°ST eB°7t 
o°7= 06 S°G@eG OEE 0°S6 °t oe eft 2° 404°0 GS€°9 G7Z T°o2 7*°éT 
"or T'sb Tet 2°S6 6T°T L7°2 S7°z Sz°o 959°0 68°S LG2 °%Z B°ee 
( Che 8 £°S6 1é*t e°e Be Cre BE5°O 62°S 99T T°6e 7°92 
6°72 =§=6 6° LE Tze €° 96 er"; “£6°F Gt°2 T€°s O75°O 39°7 CET Z°ee Ss °2E 
x2 0 B°9H)— CT BE 7°16 Svy°t Fo°e Gore 6£°6 O€7°O §8LB°E OF 4°62 0° 6E 
cn 6£°LG COTE 6°96 76° ome ST°S BE°O GC6E°O G6°E €L O°2?7 €°tF 
T°7Z «6°96 OTRE L° Le O9°T 9€°f ZEEE S7°O WVE°O = 6° E LS Z°SY = $°¢7 
eve O°9% WE 2° BG 99°T 08°C ST°E OS°O 9OE°C = GL°2 $7 Lay @Ly 
o°Es 1°26 486feE T°TOT Gh°t 2O°t SS°f OL°O LEZ°O 8ET°? L2 L°2S 0°29 
ome 68°TGCC EE 9°IOT ¥O°T L7°E OVC OL°O T4T°OQ §8€6°T 7T L°SS O°SS 
ose £°%% # StF e°tee €°TOT O4°T LG°E OS°E O4°O 970°O = :~TY°O T L°9S O°9S 





swuo OOOT 3 3DUlZS TSA} uz aouereatTy "sat L°O+ UCTQIeLZICD YSN] 
9 SOUF33OR UT2D Tels Tt [ouy 6uc7j °: @I2Tq aston 
g7G Wd | | “3008 28IKZizedwe] 13a ,e” 





= (#6 = 


tC. 





45.f TaA.€ G).2 
av. «0.6 








eet O.0 -%€6.0 - 


OO.E- 2.6 2A.8 


wr 


Ree 
~~ Gast 


test 
wit 
4iir 


‘bist - 


OLA 


| ppl 
*.7e°’ 


anit 
ar .o 


PL. 21.0 - MG Oo. 

0:8 “Doe Pt.0° § O.0 

ee.s OTLE 16.0 9 Oheo@ Bai” 
otis - SVT -OL.0° Hhe.o. Be.tw . 
Yad C8 @h.0° 623.0. 48.2" 
ye S8 15.00 FOR. HL 
ws - 85.5 21.0°) er. Be.a’ 
Ta Chet’ 86.0 a2. &.T" 
51.8 C1) Th.0 oe .o e. 
Tie tla fie See On.B° 
ss oo.s 2-8 


 Bd0b VEL BER- 





| | ad : : = , a = ae 
al ‘ ~F.R @.22 


0.0 VO.8 








a oh\ 2 

















9°€2Z 6°%S TE S°COT $0L°O FE°I TE°t $2z°O S76°O 1$°S icy¥ ST o°T 
L,°o 6°76 YE Y°Gcsct S$oL°O YE°T TE°T Feo 2e6°O 6£°S 6T7 et = 
B°e2 £°Sh 8 8¥2zE O°OOT SzL°O BE°T 9E°T Fe°s ST6°O $2 °R TOY B°E r°€ 
g °C? O°S& YE <°@OT OfF24°O GE°T LE°T Se*sG O48 °C 28° ¥9E PL T*h 
ve 9°96 8 ¥2E L°@e 866$94°O 9F°T TY°T B20 673°C =—79"L ave 1*S 86Y°8 
ave Ce F& "te G4h°O @OF°t GFT Te" oe°O 8 86—OF* LL G2€ 2°TT 3=S°aT 
€° V2 7° Le Sze T*66 ST8°G L5°T $¢°T Z°O €e@i°O FO°L ¥6x 9°ET 6°ET 
$°T2 7° LO G2 6°86 C7B8°C 279°T O9°T SZz°C 62L °O $5°9 GS2 $°S3t B°LTl 
6°72 O°90 c7e £ °S6 $98°G L9°T SO°T 72°C G69°O @F°9 Bz 6°1t e°T2 
9°E2 g°75 C2E 8°& 066°O Girt cL°T @t°O GE9°O 8 OL°S €6T Z°or $°S2 
Gqe ve te Z°OOL O86°O 26°T Be°T 7E*C S0S°O 6°77 S*T T°Sse€ = T°VE 
e°e O°Cé eze €*tot O7O°T 7O°F o0o°s OTC 6v7°o Yo°7 L6 7°6€ = L°SE 
s°te F°i6 Tee 6°OO1 S$60°T “LI°S 2T°2 TO LBE°O =A E th C’Ey €°27 
7°st)0 PS T2E s°=et ¢t2°t Fe Stet EO GOL °C GL, °? $7 ¥°sY L°L7 
6°te S°se Vee S°YOT $97°1 FS°2 S¥°zZ S9°O Tvz°e@ )38=— BT °Z gz 6°%S 2°25 
O°22 6°L8 $2€ 7°@OT SOT°T BE°2 Sz°2 GL°O TLT°O)}3=—s 7S °T ST £°9S 8 9°SS 
S°ez €°S6 GFE E°TEZ O°TOT Séz°T O9°2 S5°2 05°0 970°0O OT7°O [ 2°9S =9$°SS 
co (+) bap SiH Dap “pep  saT i= c DU/A Say DOI “sqt °sqai 
oPa... T¢ ee A Pps, Pl aaa c A ty oe —_ 
swuo OOOT ° FIUEPSTSSY] af /TrZz aouere3Ts "SaT £4°O+ 2UOtzZo9er1109 YsATYHL 
9 26UT34aS UTe Wty {Texy Suoy : a2aTd ason 
S76 : "Wd "Je08 ‘%‘@1AQpetaedwey Ia en 





- /41- 


L-AS 


ou 
Peta 
@.&6 


-— 55 2.0 





“ay ee ta ic.9” 
2180. Te. te.0 Gi. 
ew Br ap. F fe. 
eir.8 O50 jy.t 'ks.o" 
Or.O GF.l Mil .0 
aT 0 mt sad t ds. 


ror.0 Mor Let tae 





Jb ate cs ago, 
vt we os 
is.o en, r 





te 





See 


“m0 We - 
ae» ‘oh 2, 


ek 


eee, b Or. 


oa.e 


_ SED 


ene 
ae - 
di¢.0 





80.8 


eee 





«3 ~ oe” 
22.8 


12 







































—/42- 


%°€2 t°%6 Lg *T L93°S o77 4°Q C 
2° eo? B° XS L9°T t7°s T27 T° ¥°x 
a t 4 ie cu°T 97° SOF rv g°¢€ 
T°¢? 7°26 39°T ET°S 26E B°S T°S 
7°¢z 9°£6 £B3°T Sek 95£ rs Fe 
y°e= 867 °£6 Té°T z4, STE oz ee 
T°éz °Z6 Bo" T 64°9 Cie G°*L1T B°9T 
oge) = «Eb 22°? 28° 20% "ec soe 
6° ee 9° Té VE°2 ge °S 691 G°B2 Bo Le 
9°22 £°OS 6S °? ET°7 O21 L°S€ G6°SE 
s°Ze 866° OG B3°2 VE°E 99 S°77 B°Ct7 
6°22 4°16 L9°2 €6°E 26 6°6€E 2°6C 
g° zz £°Té 60° 94,°2 SY C°RY 6S fh? 
6°@2 T°O6 92°C 9£°2 c€ 9°TS 6°0S 
6°12 7°L8 $c °¢ 63 °T GT O°4S €°9% 
O°€2 0°26 eT’ T7°0O T E°LS 9°95 
e (+ say ays SQT SQy 
A H 1x6? opr, 
Swyo QGOOT ° POURUSTSIY aZ/I-zZ eouvrz2aTD *SQT L°O#+ %UuOTz2I@TIOD YSNnrHYL 
g $6utR3aS5 utey aT} TTday Bucy °: 292Td 830K 


27S wid’ . “ “3008 ie7NQeredwey reRRM 








SSPTRTR RUA EREBERPE, 


ares fd Wi ite 
Coho ED.d T.E Pee 


oar teat res ta et 






. ar oF 
aes 






BREESE 9b F 





$9 
os 


bs 





Breretpeaserrse or! ||| 


_dsresrpezeesececal 











® 





-~ SPY T 











€°¢6z 8=67°TOT «6(7zZE 6°46 €f7°O 97°T S¥°T ST°e CV¥6°O 86066 °B Bz c°¢s 9° 

T°Sz = 9° OT) «S¥ZE L°S6 O57°O %2S°T OS°T ST°O e6°C @fre 21Y gC 6°2 

¥°S= 0° TOT «OFZE G°S6 O97°O0 99°T SS°T ST°O 698°O %3°L €9€ TS ¥°L 
ed a oe ng ss 2°G66) «= SB7°O «699°T «6©F9°T «6ST°O Y2e°O TY°’h Be S*TT 6°OT 
6$°se 2°20T 7ZE T°s6)0«=— @HTG «GBT BIT: «ST°O m.°o j%®mou Cor wT G°eT 
T’Sst $°COT ee 8°96) «= ETS met tt wee S64°O 19°9 OOF FST S°LT 
TSR 0 BtaT ze 4°96 875°C O6°T SB8°T 22°0O 199°O 6°S OT2 6°€2 z°ee 
L°ve 8 600°6 F2C €C°86 8£45°OQ 2O°S GE°T 627°0 €66°O YVE°S O4T 9°S2 6°. 
et ee Fee 6°86 @09°0 YT°2 I1°2 €€°O 6£$°O SsB°y O7T é°TE Z°te 
o°%e £966 GEE @'66 8O79°O BT°e S$T°Z L£°C $66°O BY°7 SIT 9°SE 6° VE 
Cok Tt ae Z°YOT SS9°O ze°z Bz°2 STO lz7°O 3=—s BLES 8°O7 TOY 
C°€2 4 =6—€°SH) OGRE G°eOl VuL°O LO°Z O9°2 09°C 90£°0 GL°7 GT 6°LY Z°LY 
oT 9°98 Sze L°TTT 2e°O L6°2 GL°2 OT°T Y6T°G YL"l BT 2°95 $795 
"Zz 8 9°%6) «6 GRE CO E*EEZ OL SOT re" 6 IT'S GOES SB°O 640°G Tho € Z°9S G°SS 
Gy bpr *sq] *sqT 
A li, rs seat | 
swyO OCOCT ° aD.uUe Vs {say u¥/E-Z PIUeTZe{D “SQT £L°O+4 suUuctzpZseTTOED AsAITY] 
g s6utq3e5 UTesh Jats TT Guy 6u0y +¢ B9IVITE BISON 
7g 3: Wed “4602 29IN} 2TScway 192% 


- /43- 


—_ 





Te tC 

4.15 
r.ts 
E aS 
Does 
5 .hE 
a: 
[ae 
i,2% 
é 8% 
a. 25 
ARS 
dats 
£25 


wmeten ~~ anette ame aon 


= 
d.38 
£.28 
1.FP 
= .8@ 





i.e 
5.e¥ 
6.14 
*.001 
5.90! 
1,a0/ 
§.ie! 
d.101 
p.i0l 


SHRRRbE RW 





wir nedtee 


ree a 


we 


® 


: oadla tam “ 








me Lav bee 


® ° 


e 
= i 





, 
: ’ 
- | ‘ 
Seek 
. re : +) | 
- 4 ' - 
i { 
| 
» - i” | 
- - 
, 


SESNEE 


mm 
+. 
= 


hock 























i 














8°S2 9°46 §6©€27€°O 66°C @6°O FTO $86°O 68°8 697 T°I- g°t- 
¢°S2 $°B6 O2f°O 86°O L6°O ST°G B76°O §899f°8 STY = B°7 T°? 
g°o7 6°L6 @27€°O 1O°T OCO°T VIO Z1T6°O O@°s CcOy O°” €°¢ 
T°S2z &°OOT GE 26° O81 61°@ O48°O Fe°L S9E 9°L 6°9 
6° S? z°L6 «60s ESE°O «6CTT°T OUCTTIT 6UST°O Czy -n Let OSCR G°OT 
Z°Sz2 SZe O°GOT O8€°O TH°T 6T°T 2° OLL°GO T6°9 SBZ O°9T €°ST 
2°S? G2E O°GOT GEE°O Le°T Sz°l 2z°O 604 °C £°9 wz ze 5 °Oz 
0°S2 G4E e°OOT @T7°O VET TEh Gro €S9°O §=6 GBS «690Z)—OO G2 €°7z 
6°72 See v°Tot ter"G oF°T B2z°O 609°O e's SLT L°8? O°sz 
L°%2 G2 T°20T S77"°G B7°T ST°T TC°S 965 °0 2e°? SE G°ee B°ZSE 
o°v2 Ere e°eot e29¥°O €S°T 67°T VE°O 667°O §=866Y°F «OFT | Lw SE O°S¢ 
6°? —£2€ C°sOt OL7°G 9S°T Z5°T 9E°O T27°O }=—s BLE SB S°1Y 8° OY 
O°€2 e7E O°LOT TTSS°G BB°T OB°T SS°C 90£°O SL°2 SY L°LY O°LY 
Z°e2z €2zE 2°GTT 8€5°G £€£0°2 G6°T 04°00 S81°O 69°T LT Z°9S G°SS 
¥°rz C2E east 419°C et°t =F ws 976°O T7°O T l° 9% O°9S 
Od x] § u/A SG oP Ss a 
, : yD - - SW aps Br Opa 24 7. 7703, sBr 
Swyeo OCcoT 9dUSZ STS OH we eadueTPa{y “SqT £°O# SucywpPIsIreD ZsnIuy 
Sutqyas Ute) Taps riday Guo7jl : @date anon 
Hd "3008 s¢$sinjeriesCwey TaqVey 








“ON UAy JUSHSING Say 





— 


— /44- 





Ssapspeseaesan 


RAEERRRERERR ESE : 
beetes -EREEEEEEE E 











mde 





El w & 

a oS 
0tO + 
n+ uN 

<— O WN oo WW: 

oO; m o™“ 

| oe © Ww 

S| »a S 

S| gh 
ro) ow 

+H] «| © 

|” os 

© . 


ae +4 ike 





SS di ad 
c+ 


oo oy 


tees 
sabe 


bome 


sduppeay uotyoeTjeq queytnsey 


-145- 




















a— so on 


548 
:. "1.00" 
attin 


4/5/55 


d 
@ 


= 
@ 
* 3 


| 
| 





RPM 


Clearance 


tO 
= 
an 
” 
YD 
2] 
a3) 
fe) 
& 
“” 


o 


plifier Gain S 


} 
| 
{ 
| 
| 


An 
| 





pny 


( *SQT ) e@d204 





t 
4 
aoe ae 


t 


Figure XXXIV 


-+ 
‘ 


CALIBRATION CURVE 





& 


Short Bossin 
RPM: 548 


es. 





-/47- 













Figure XXXV A é 
CALIBRATION CURVE w, 
i 






eee tH TiN, 
ere Wy 








One. | 06. 048. | 2,0 | 1.2 


Pores wey 


| 





fae 





- CALIBRATION 





CURVE 





£ 
wo oO 
gc © 
o=f s 
MON 
) + 
OW ee 
m oo To 
=% ; 
=< 
Pa Y) 
fe hy | 
so” 3 
A ® | @. 
wo ged = 
Po) © 
Dy 
oO. 
%,.. 
Pe 





—/44- 


CURVE | 





CALIBRATION 


——- 
anal Te. | 


ae 


' 
4 


| 


t 


FOE TIEC 





oe ee — —_—— cS 








queyTnsey 





0,8 1,0 ee 
( lbs. 


0,6 
Force 


= 
© 
O 








) 


— 





— aA 
é. a 
} oe if 





9 


Figure XXXVIII 


Vy 
og Y > 
Y 
Ore co 
~ > 
Vr 
qa OS¢ 
£ 
T43y Wee 
= mS 
YF) ; 
£ 
a £O = | Vd 
Co] ert e 
Nom 
n aN f 
“=| Oe Ww 
Or meoen 
eH oO LN 
be SF “SS 
<q yp © ~~ 
fs fe 
fQ 0 © 
3} 5s 
< © 
a ° 3 
g feo) 
al vY 
| a Poe = mews | | 3 Se Ee eee 


dy % 
“ty . | cap . 
‘Om 1 &, | 
Bi a? 
} i 
| 
. m | 
wo 
| 
@ 
\® 
 -S wy : 
SUT Peoey uot zoe Tye 


Ae eee 








q 4uearnsey 





—/5,—- 





Figure XXXIX 


Vehay a i 
Bie 
£95 ct 
Sy  £ 
ewe > | 
© a e pots 
AN 
WY LN 
ee Oce WW 
we ao “LT 
b+ © LN 
cH Gc ™ 
Po Pd wt 
aa $4 $y ab 
00 
i a ®@ 
4 * 2 
>) i 
rb) | 





£0 


§ 
ae a 


























— | 
| py fo 
O y 
i n Ps 
| » i | 
. ati 
Sa PM} | 
"Treg, i= 1 at 
|. See 
Le 
| j 
= f— + r 42 
| 
| : 
| ) 
wh | fei | | 
m_- iP Eee 
Suypeey woTA9eT IEG quesTnesy 














. OE gy 


Pra: | led =e 1 giles 5 ach! | , | | | ‘ 
ol (ati PS, ‘qua poTgze09 goweapy 3 
ane eee le ee | hie ; 
6L°0 vAade 90 | 0970 3§=Ss*0 § oS °0 


z=) 


—_— —s 








ZutSsog yrIoUS 








LNALTOLYAGOS AONVACV 


oO 
= 


’ 
~ 


QT ) aenayy s0TTedozd | 


Oo 

N 
ie ; Lf “3 
ae Ba 


Sle Geo! J ie ae ee ee 


uN 
o~d 
! 


SZ 


{ 


OQ 
cA 
} 


—/53 - 





— 


| —_— 
“SAT ) soz0g | 


t 


87S =Wdu 
sutssog ZuoT 


GAUND NOILVYEITVO. 


ITX eansty 











%, 
coal 


Zuppesy votaoo1jed queqtnsey 


o-  -o- 


I 


——y 


oo. 


= (54 

















(*8qt ) easoq 


Ps et 








| 


Saaree 


' ' 
4+. ee a eg NL 
‘ ‘ } 


qyoy | S70" Fer fo § “z¥o 


87S %NdY 
dgupssog ZuoTy 





IITX eangty 





GAUND NOTLVUAITVO |. 


ee ile 


{ 


= 


| ae SN _ eas bare.” ELE 











-/55- 









66/2e/S 
| 81S sWdu 

| gupssog Juo0y 

oF 8 a 

Sagar StaeTSHE TS WOT 


oe ee ee Tad Be on 
ar IIIT 





——— 





? ¢ 
tt le 


Lae 
& 
= 


ee 
SUppReYy uoTAoseT jeg Jue a[nsey 


a) 
‘e 
et} 
a ed ee 


om 1 -« 
} 


[ 


a 
| 
A 
ee 


i 


t 

+ 
ares 
nasal 
| 


- 156 - 





Kat 
e 


APPENDIX D 


Bibliography 


Brown, T.#.F., "Vibration Problems from the Marine 
Engineering Point of View," Transactions 
of the North Fast Coast Institution of | 
Engineers and Shipbuilders, Vol. 55, 
19386-1939. 


Burrill, L.C., "Ship Vibration: Simple Methods of 
Estimating Critical Frequencies," 
ransactions of the North East Coast In- 
Stitution of Rngineers and Shipbuilders, 
Vol. 51, 1934-1935. 


Calderwood, J., "Some General Gbservations on Vivraetion, " 
Trensaections of the North East Coast In- 
stitution of Engineers and Shipbuiicders, 
Val. 57, 1940-1941. 


Constentini, "Vibretion of Ships," Transactions of the 
Institution of Naval Architects, April 1938. 


Cocueret, F., end Romeno, P., "Some Particulars Con- 
cerning the Cesiqn of the 'Normandie’ 
and the Elimination of Vibration, *® 
Transactions of The Society of Nevel 
Architects anc Marine Engineers, 1936. 


Dimwsmore, J.f., and Hooper, F.A., “Heasuvrement of 
Nvdrodynéemic Vibratory Forces of a Model 
Propeller," Department of Naval Architecture 
end Marine Engineering Thesis, #.I.T., 1944. 


Ellis, J.R., and Henderson, 0.B., "Distribution of 
Hydredynsmic Vibratory Propeller Forces on 
a Model Propeller Bossing," Denartment of 
Navel Architecture end Méerine Engineering 
Thesis, M.I.T., 1943. 


(Sa 





ydoetvod id tg 


erixre@ ect mors emelderd netssirdiv® ..4.9.7 nwo 
nsiT ".wol¥ to tne? enizeenions 
© moisusistenl stzeodD FeBT AtrOM act Yo 

202 .feV ,etebliudald® bre Ry phe dt by 














to my saa ee tneld etd LV @ iit" 
Hil haacl ah feel te ea wads to gnoltobengx? 
(Pome bidgige, Dns eas + a © neistusite 
22 i-aeel ~A2 . lev 


* MOLPeTALV no anoitavteede { pr —- .:l ,boew1eblsd 
0 faaed teed doxel pes seivvasaest 
# oid’ bns stebnipatt to nelsus 
o{hOl-O\04 re gsr: 


ea? bo ".aqidd to nolsexdiv¥ ,inlinssencd 
MPL aE ee ry TH [eve Yo nettudsisant 





Ba iipem . 














1d. 


Ll. 


Le. 


lhe 


16. 


i7. 


1&. 


Inglis, "A Suggested Method of Minimizing Vibration 
in Shios," Transactions of The Inetitution 
of Naval Architects, 1933, 


Lewis, F.M., "Propeller Testing Tunnel at the 
Massochusetts Institute of Technology,® 
Transactions of The Society of Neval 
Architects and Marine Engineers, 1939, 


Lewis, F.M., "Propeller Vibretion," Transactions 
of the Society of Neval Architects and 
Marine Engineers, 1935 and 1936. 


Lewis, F.M., end Tachmindji, A.J., A paper ore- 
sented at the Annusl Meeting of The 
Society of Naval Architects and Karine 
Engineers, Movember 1954. 


Mallock, A., "A Method of Preventing Vibration in 
Certain Classes of Steamshins,*® Trensactions 
of The Institute of Naval Architects, 1905. 


MeClure, A.C., and Mavor, J.¥., "Hycrodynemic Vibratiory 
Forces Generated by e Shin's Propeller, 
Department of Naval Architecture ince Merine 
Engineering Thesis, M.I.T., 1959. 


Pinkerton, [.F., and Arnold, H.A., "Vibratery Hycro- 
cynamic Forces from chip's Prepellers,® 
Department of Navel Arehitecture and 
Marine Engineering Thesis, 4.1.T., 194). 


Reece, H.B., and Lansdowne, F.M., "Further Inveeti- 
getion of Hydrodynemic Vibratery Propeller 
Forces," CLepertment of Naval Architecture 
end Merine Engineering Thesis, ®.1.T., 1941. 


Taylor, J. Lockwood, "Vibration of Shins," Trans- 
actions of the Institution of Naval 
Architects, 1930. 


Taylor, J. Lockwood, "Ship Vibration Periods," 
Transactions of the North fest Coast In- 
stitution of Engineers and Shicbvilcers, 
Vol. 44, 1927-1928. 


Todd, F.H., "Some Measurements of Ship Vibrations," 
Transactions of the North East Coast In- 
stitution of Engineers and Shipbuilders, 
Vol. 48, 1932-1932. 


— | Si - 


molgersl¥ grilsiein£ te beltex Sreoseve, A® ,@Qlieni .# 
aeigusiseni efi te ; 
LCR: 4A a Tibee to 


ef fa [ernu} oeiteeT zelleqgec™" ..&.7 .#iwel «fe 














"Ese: awipeT te etetisen] efteewteperet 
BYER to yIaloae | 
O1OL ,etTeenipad eniie® bee 82201 21157 
4 norterdiv = MA «ened Od 








wr) tate Lavaw fo ys ee 
820i orm FL0! a caeaaesl —A- 


| cae os) ) gthbada ST ined 
eae | tise! 
Sat Sagi dam wl 


te epee tag g-2-4 eww TDom tL 
ie 





5 























its “vinin tc 
ae ae ete : 
: ee : mie 


ey 


ai tas leqoxd ec! aia 





‘se 





a 


PT anh os oi 


. , =8e\ a 





ot the North. fest ony sonst | aes Tema of 
$s, Vol. 49; 





= PEF - 














— eel 
ya Lov heer a Sq 


* —=<— 5 ti X ebbaia erty PseSZ sv 


' 7 ‘a e ¢lediean . ‘eee 








re J Lai Me Vewa) 
7 ' some ote ae fi —_ -« - ieee ee 
6 sof 7) * 7 y toad ° e 
i* rT se ~— te eit —_ F 
wie, “i "FG of —- ay! 
— a?” ia as ae - ) bd 
a a & a wi « ti ee 
r* » ee? 77 7 : 74476 
saVu om tome * Py ‘-« = 
_— = -4 © »- © - le — se - ° 
4 ‘ »' ~~ [) me ah eee!) Siew : 
aa. —_—— | a. oom . at WJ ' ‘es 
_ ary se! _ psy e « of ts ° ° 
* = @@ tome @ e ote @ ¢te~' 
——_ = Sout Ji \ - w* YT ag” 
eas ‘T 2 oes oe a 
= — «+t Baws ai ° a met > ete! of 
. - - - —_ vi! F's ‘lrar,¢ 
oe ss «= oe mm iooet® fs 2 ed Oe ome 
- ‘ae s¥ m « iu ee, * ‘) i— . « 


7 To ,*e oe. ‘* oo. Lf 
—-- aot 
@ = a » ae ad at P< 
i. eee * ovat 
helo i> eee 7 | 
Pye -, a ie . wee 


~ oor gt a 


a” a! —. 


Te “ie 
a ‘ a 
































